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(54) Tide: USE 

(57) Abstract 

There is provided use of a cyclic compound or a 
pharmaceutical^ active salt thereof in the manufacture of 
a medicament to prevent and/or inhibit and/or arrest cell 
cycling, wherein the cyclic compound comprises at least 
one ring, wherein Group I and Group II, independently of 
each other, are attached to a ring of the cyclic compound; 
wherein Group I is a hydrocarbyl or an oxyhydrocarbyl 
group; and wherein Group II is a group of formula (I), X 
is P or S; when X is P, Y is -O or S, Z is ^OH and R is 
hydrocarbyl or H; when X is S, Y is -6, Z is -O. and R 
is hydrocarbyl or N(RiXRi)» wherein each of R| and R2 
is independently selected from H or a hydrocarbyl group. 
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USE 

The present invention relates to a method and a use. In particular the present invention 
relates to a method for the manufacture of a medicament. . 

5 

As discussed in "Molecular Cell Biology" 3rd Ed. Lodish et al pages 177-181 different 
eukaryotic cells can grow and divide at quite different rates. Yeast cells, for example, can 
divide every 120 min., and the first divisions of fertilised eggs in the embryonic cells of sea 
urchins and insects take only 1530 min. because one large pre-existing cell is subdivided. 
10 However, most growing plant and animal cells take 10-20 hours to double in number, and 
some duplicate at a much slower rate. Many cells in adults, such as nerve cells and striated 
muscle cells, do not divide at all; others, like the fibroblasts that assist in healing wounds, 
grow on demand but are otherwise quiescent. 

15 Still, every eukaryotic cell that divides must be ready to donate equal genetic material to 
two daughter cells. DNA synthesis in eukaryotes does not occur throughout the cell 
division cycle but is restricted to a part of it before cell division. 

The relationship between eukaryotic DNA synthesis and cell division has been thoroughly 
20 analysed in cultures of mammalian cells that were all capable of growth and division. In 
contrast to bacteria, it was found, eukaryotic cells spend only a part of their time in DNA 
synthesis, and it is completed hours before cell division (mitosis). Thus a gap of time 
occurs after DNA synthesis and before cell division; another gap was found to occur after 
division and before the next round of DNA synthesis. This analysis led to the conclusion 
25 that the eukaryotic cell cycle consists of an M (mitotic) phase, a Gj phase (the first gap), 
the S (DNA synthesis) phase, a G 2 phase (the second gap), and back to M. The phases 
between mitoses (G|, S, and G 2 ) are known collectively as the interphase. 

Many nondividing cells in tissues (for example, all quiescent fibroblasts) suspend the cycle 
30 after mitosis and just prior to DNA synthesis; such "resting" cells are said to have exited 
from the cell cycle and to be in the Go state. 

It is possible to identify cells when they are in one of the three interphase stages of the cell 
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cycle, by using a fluorescence-activated cell sorter (FACS) to measure their relative DNA 
content: a cell that is in G\ (before DNA synthesis) has a defined amount x of DNA; during 
S (DNA replication), it has between x and 2x; and when in G2 (or M), it has 2r of DNA. 

5 The stages of mitosis and cytokinesis in an animal cell are as follows 

(a) Interphase. The G2 stage of interphase immediately precedes the beginning of mitosis. 
Chromosomal DNA has been replicated and bound to protein during the S phase, but 
chromosomes are not yet seen as distinct structures. The nucleolus is the only nuclear 
10 substructure that is visible under light microscope. In a diploid cell before DNA 
replication there are two morphologic chromosomes of each type, and the cell is said to be 
2n. In G2, after DNA replication, the cell is 4n. There are four copies of each 
chromosomal DNA. Since the sister chromosomes have not yet separated from each other, 
they are called sister chromatids. 

15 

b) Early prophase. Centrioles, each with a newly formed daughter centriole, begin moving 
toward opposite poles of the cell; the chromosomes can be seen as long threads. The 
nuclear membrane begins to disaggregate into small vesicles. 

20 (c) Middle and late prophase. Chromosome condensation is completed; each visible 
chromosome structure is composed of two chromatids held together at their centromeres. 
Each chromatid contains one of the two newly replicated daughter DNA molecules. The 
microtubular spindle begins to radiate from the regions just adjacent to the centrioles, 
which are moving closer to their poles. Some spindle fibres reach from pole to pole; most 

-5 go to chromatids and attach at kinetochores. 

(d) Metaphase. The chromosomes move toward the equator of the cell, where they 
become aligned in the equatorial plane. The sister chromatids have not yet separated. 

0 (e) Anaphase. The two sister chromatids separate into independent chromosomes. 
Each contains a centromere that is linked by a spindle fibre to one pole, to which it moves. 
Thus one copy of each chromosome is donated to each daughter cell. Simultaneously, the 
eel! elongates, as do the pole-to-pole spindles. Cytokinesis begins as the cleavage furrow 



WO00/66095 

starts to form. 



PCT/GBO0/O1661 



(f) Telophase. New membranes form around the daughter nuclei; the chromosomes 
uncoil and become less* distinct, the nucleolus becomes visible again, and the nuclear 

, 5 membrane forms around each daughter nucleus. Cytokinesis is nearly complete, and the 
spindle disappears as the microtubules and other fibres depolymerise. Throughout mitosis 
the ''daughter" centriole at each pole grows until it is full-length. At telophase the 
duplication of each of the original centrioles is completed and new daughter centrioles will 
be generated during the next interphase. 

10 

(g) Interphase. Upon the completion of cytokinesis, the cell-enters the Gj phase of the 
cell cycle and proceeds again around the cycle. 

It will be appreciated that cell cycling is an extremely important cell process. Deviations 
15 from normal cell cycling can result in a number of medical disorders. Increased and/or 
unrestricted cell cycling may result in cancer. Reduced cell cycling may result in 
degenerative conditions. 

Cancer remains a major cause of mortality in most Western countries. Cancer therapies 
20 -developed so far have included blocking the action or synthesis of hormones to inhibit the 
growth of hormone-dependent tumours. However, more aggressive chemotherapy is 
currently employed for the treatment of hormone-independent tumours. 

Hence, the developrtient of a pharmaceutical for anti-cancer treatment of hormone 
25 dependent and/or hormone independent tumours, yet lacking some or all of the sid^-effects 
associated with chemotherapy, would represent a major therapeutic advance. 

The present invention seeks to provide a composition suitable for use in the treatment of 
cancers and, especially, breast cancer. 

30 

The following abbreviations used in the present specification have the given meanings: 
E1S. oestrone sulphate; 
2-MeOE2, 2-methoxyoestradiol; 
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2-OHE2, 2-hydroxyoestradiol; 
EMATE, oestrone-3-O-sulphamate; 
2-MeOEMATE, 2-methoxyoestrone-3-0-sulphamate; 
2-MeOE 1 ? 2-methoxyoestrone; 
5 GenMATE,genistein-bis-suiphainate; 
2-MeOE 1 S, 2-methoxyoestrone sulphate; 
ER, estrogen receptor, 
Tdt, terminal deoxynucleotidyl transferase; 
TUNEL, Tdt-mediated dUTP-nick end labelling. 

10 

Oestrogens undergo a number of hydroxylation arid conjugation reactions after their 
synthesis. Until recently it was thought that such reactions were part of a metabolic 
process that ultimately rendered oestrogens water soluble and enhanced their elimination 
from the body. It is now evident that some hydroxy metabolites (e.g. 2-hydroxy and 16a- 
15 hydroxy) and conjugates (e.g. oestrone sulphate, E1S) are important in determining some 
of the complex actions that oestrogens have in the body (1,2). 

Bradlow and his colleagues have investigated the formation of 2- and 16cc-hydroxylated 
oestrogens in relation to conditions that alter the risk of breast cancer. There is now 
20 evidence that factors which increase 2-hydroxylase activity are associated with a reduced 
cancer risk, while those increasing 16a-hydroxylation may enhance the risk of breast 
cancer (3-6). Further interest in the biological role of estrogen metabolites has been 
stimulated by the .growing body of evidence that 2-methoxyoestradiol (Fig 1, 1; 2-MeOE2) 
is an endogenous metabolite with anti-mitotic properties (7). 2-MeOE2 is formed from 2- 
hydroxy estradiol (2-OHE2) by catechol estrogen methyl transferase, an enzyme that is 
widely distributed throughout the body. 

Seegers and her colleagues originally reported that relatively high concentrations of 2- 
MeOE2 (>l^im) were cytotoxic to MCF-7 breast cancer cells (8). They also observed that 
2-MeOE2 caused uneven chromosome distribution in cells which also had a disorientated 
microtubule structure. A subsequent study revealed that 2-MeOE2 had no effect on the 
morphology of normal human skin fibroblasts, but a marked effect on transformed 
fibroblasts (9). 
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In vivo 2-MeOE2 inhibits the growth of tumours arising from the subcutaneous injection of 
Meth A sarcoma. B16 melanoma or MDA-MB-435 estrogen receptor negative (ER-) breast 
cancer cells (10, 11). It also inhibits endothelial cell proliferation and migration, and in 
5 vitro angiogenesis. It was suggested that the ability of 2-MeOE2 to inhibit tumour growth 
in vivo may be due to its ability to inhibit tumour-induced angiogenesis rather than direct 
inhibition of the proliferation of tumour cells (10). 

The mechanism by which 2-MeOE2 exerts its potent anti-mitogenic and anti-angiogenic 
10 effects is still being elucidated. There is evidence that at high concentrations it can inhibit 
microtubule polymerisation and act as a weak inhibitor of colchicine binding to tubulin 
(12). Recently, however, at concentrations that block mitosis, tubulin filaments in cells 
were not found to be depolymerised but to have an identical morphology to that seen after 
taxol treatment (13). It is possible, therefore, that like taxol, a drug that is used for breast 
1 5 and ovarian breast cancer therapy, 2-MeOE2 acts by stabilising microtubule dynamics. 

While the identification of 2-MeOE2 as a new therapy for cancer represents an important 
advance, the bioavailability of orally administered oestrogens is poor. Furthermore, they 
can undergo extensive metabolism during their first pass through the liver. As part of a 

20 research programme to develop a steroid sulphatase inhibitor for breast cancer therapy, 
oestrone-3-O-sulphamate (Fig 1, 2, EM ATE) was identified as a potent active site-directed 
inhibitor (14. 15). Unexpectedly, EMATE proved to possess potent oestrogenic properties 
with its oral uterotrophic activity in rats being a 100-times higher , than that of estradiol 
(16). Its enhanced oestrogenicity is thought to result from its absorption by red blood cells 

25 (rbcs) which protects it from inactivation during its passage through the liver and which act 
as a reservoir for its slow release for a prolonged period of time (17). A number of A-ring 
modified analogues were synthesised and tested, including 2-methoxyoestrone-3-0- 
sulphamate (3, 2-MeOEMATE) (18, 19). While this compound was equipotent with. 
EMATE as a steroid sulphatase inhibitor, it was devoid of oestrogenicity. 

50 

The present invention seeks to provide a method of treatment of a cell cycling disorder. In 
particular, the present invention seeks to provide a method of treatment of cancer. 
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The present invention is advantageous in that it provides a compound suitable for use in the 
treatment of cell cycling disorders such as cancers, including hormone dependent and 
5 hormone independent cancers. 

In addition, the present invention is advantageous in that it provides a compound that is 
suitable for use in the treatment of cancers such as breast cancer, ovarian cancer, 
endometrial cancer, sarcomas, melanomas, prostate cancer, pancreatic cancer etc. and 
0 other solid tumours. 

We have identified the effects that the compounds of the present invention such as 2- 
MeOEMATE. have on the proliferation of breast cancer cells and fibroblasts, and their 
effect on the cell cycle. In a preliminary in vivo study 2-MeOEMATE was found to cause 
5 the rapid regression of nitrosomethylurea (NMU)-induced mammary tumours in intact rats. 

In accordance with the present invention cell cycling is inhibited and/or prevented and/or 
arrested. Preferably cell cycling is prevented and/or arrested. 

In a preferred aspect cell cycling is inhibited and/or prevented and/or arrested in the G->/M 
phase. 

In a preferred aspect cell cycling is irreversibly prevented and/or inhibited and/or arrested. 
Preferably cell cycling is irreversibly prevented and/or arrested. 

By the term "irreversibly prevented and/or inhibited and/or arrested^ it is meant after 
application of a compound of the present invention, on removal of the compound the effects 
of the compound, namely prevention and/or inhibition and/or arrest of cell cycling are still 
observable. More particularly by the term ^irreversibly prevented and/or inhibited and/or 
arrested" it is meant that when assayed in accordance with Protocol L cells treated with a 
compound of interest show less growth after Stage 2 of Protocol I than control cells. 
Protocol I is recited after the Examples. 
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The compound of the present invention is a cyclic compound comprising at least one ring, 
wherein Group I and Group n, independently of each other, are attached to a ring of the cyclic 
compound; wherein Group I is a hydrocarbyl or an oxyhydrocarbyl group; and wherein Group 
II is a group of the formula 



Y 




X is P or S; when X is P, Y is =0 or S, Z is -OH and R is hydrocarbyl or H; when X is S, Y 
is =0, Z is =0, and R is hydrocarbyl or N(Ri)(R 2 )> wherein each of R x and R 2 is 
independently selected from H or a hydrocarbyl group. 

1 0 The term "hydrocarbyl group" as used herein means a group comprising at least C and H 
and may optionally comprise one or more other suitable substituents. Examples of such 
substituents may include halo-, alkoxy-, nitro-, a hydrocarbon group, an N-acyl group, a 
cyclic group etc. In addition to the possibility of the substituents being a cyclic group, a 
combination of substituents may form a cyclic group. If the hydrocarbyl group comprises 

15 more than one C then those carbons need not necessarily be linked to each other. For 
example, at least two of the carbons may be linked via a suitable element or group. Thus, 
the hydrocarbyl group may contain hetero atoms. Suitable hetero atoms will be apparent to 
those skilled in the an and include, for instance, sulphur, nitrogen and oxygen. 

20 In one preferred embodiment of the present invention, the hydrocarbyl group is a 
hydrocarbon group. 

Here the term "hydrocarbon" means any one of an alkyl group, an alkenyl group, an 
alkynyl group, an acyl group, which groups may be linear, branched or cyclic, or an aryl 
25 group. The term hydrocarbon also includes those groups but wherein they have been' 
optionally substituted. If the hydrocarbon is a branched structure having substituent(s) 
thereon, then the substitution may be on either the hydrocarbon backbone or on the branch; 
alternatively the substitutions may be on the hydrocarbon backbone and on the branch. 

30 The compound is a cyclic compound. In this regard, the compound can be a single ring 
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compound or a polycyclic compound. Here, the term "polycyclic" includes fused and non- 
fused ring structures including combinations thereof. 

The cyclic group may be a single ring or it is a polycyclic ring structure. 

In one aspect, the cyclic group may contain any one or more of C, H, O, N, P, halogen 
(including CI, Br and I), S and P. 

At least one of the cyclic groups may be a heterocyclic group (a heterocycle) or a non- 
10 heterocyclic group. 

At least one of the cyclic groups may be a saturated ring structure or an unsaturated ring 
structure (such as an aryl group). 

1 5 Preferably, at least one of the cyclic groups is an aryl ring. 

Preferably, Group I and/or Group II is linked or attached to the aryl ring. 

If the cyclic group is polycyclic some or all of the ring components of the compound may be 
0 • fused together or joined via one or more suitable spacer groups. 

The polycyclic compound may comprise a number of fused rings. In this aspect the fused 
rings may comprise any combination of different size rings, such as 3 six-membered rings 
(6,6,6), a six-membered ring, a seven-membered ring and a six-membered ring (6,7,6), a six- 
5 membered ring and two eight-membered rings (6,8,8) etc. 

In one aspect the present invention relates to compounds wherein the polycyclic compounds 
are other than (6,6 T 7) rings. In a further aspect, the present invention relates to compounds' 
wherein the polycyclic compounds only contain rings having other than 7 members. 

0 

In one aspect, if the cyclic group is polycyclic. Group I and Group II are each attached to the 
same ring of the polycyclic compound. 
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Thus, in accordance with one aspect of the present invention, preferably the compound is a 
polycyclic compound. 

Preferably the polycyclic compound will contain, inclusive of all substituents, no more than 
. 5 50 about carbon atoms, more usually no more than about 30 to 40 carbon atoms. 

The polycyclic compound can comprise at least two ring components, or at least three ring 
components, or at least four ring components. 

1 0 Preferably, the polycyclic compound comprises four ring components. 

Preferred polycyclic compounds have a steroidal ring component - that is to say a 
cyclopentanophenanthrene skeleton, or bio-isosteres thereof. 

15 As is well known in the art, a classical steroidal ring structure has the generic formula of: 



D 



A 



B 



In the above formula, the rings have been labelled in the conventional manner. 

An example of a bio-isostere is when any one or more of rings A, B, C and D is a 
20 heterocyclic ring and/or when any one or more of rings A, B, C and D has been substituted 
and/or when any one or more of rings A, B, C and D has been modified; but wherein the 
bio-isostere in the absence of the sulphamate group has steroidal properties. 

In this regard, the structure of a preferred polycyclic compound can be presented as: 



25 
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wherein each ring A\ B\ C and D' independently represents a heterocyclic ring or a non- 
heterocyclic ring, which rings may be independently substituted or unsubstituted, saturated 
or unsaturated. 

By way of example, any one or more of rings A\ B\ C and D' may be independently 
substituted with suitable groups - such as an alkyl group, an aryl group, a hydroxy group, a 
halo group, a hydrocarbyl group, an oxyhydrocarbyl group etc. 

An example of D* is a five or six membered non-heterocyclic ring having at least one 
substituent 

In one preferred embodiment, the ring D J is substituted with a ethinyl group. 

If any one of rings A\ B\ C and D' is a heterocyclic ring, then preferably that heterocyclic 
ring comprises a combination of C atoms and at least one N atom and/or at least one 0 atom. 
Other heterocyclic atoms may be present in the ring. 

Examples of suitable, preferred steroidal nuclei rings A'-D' of the compounds of the present 
invention include rings A-D of dehydroepiandrosterone and oestrogens including oestrone. 

Preferred steroidal nuclei rings A'-D' of the compounds of the present invention include rings 
A-D of: 

oestrones and substituted oestrones. viz: r 

oestrone 

4-OH-oestrone 

6a-OH-oestrone 

7a-OH-oestrone 
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l,6a-OH-oestrorie 
16P-OH-oestrone 
17-deoxyoestrone 
oesirone 

5 

oestradiols and substituted oestradiols. vir : 

4-OH-17p-oestradiol 

6a-OH-17p-oestradiol 

7a-OH-17p-oestradiol 
10 4-OH-17a-oestradiol 

6a-OH-17ct-oestradiol 

7a-OH- 1 7a-oestradiol 

1 6a-OH- 1 7a-oestradiol 

16a-OH-17p-pestradioI 
15 . 16P-OH-17a-oestradiol 

16p-OH-17p-oestradiol 

1 7a-oestradiol 

1 7P-oestradiol 

1 7a-ethinyl- 1 7P-oestradiol 
20 1 7p-ethinyl- 1 7a-oestradiol 

1 7-deoxyoestradiol 

oesTriols and substituted oestriols. viz: 
oestriol 
25 4-OH-oestrioI 
6a-OH-oestrioi 
7a-OH-oestrioI 
1 7-deoxyoestriol 

30 dehydroepiandrosterones and substituted dehydroepiandrosterones. v/r: 
_ dehydroepiandrosterones 
6a-OH-dehydroepiandrosterone 
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7a-OH-dehydroepiandrosterone 
16a-OH-dehydroepiandrosterone 
1 6P-OH»dehydroepiandrosterone 

In general terms the ring system A'B'C'D' may contain a variety of non-interfering 
substituents. In particular, the ring system A'B'CTT may contain one or more hydroxy, alkyl 
especially lower (C,-C 6 ) alkyl, e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, ten- 
butyl, n-pentyl and other pentyl isomers, and n-hexyl and other hexyl isomers, alkoxy 
especially lower (C r C 6 ) alkoxy, e.g. methoxy, ethoxy, propoxy etc., alkinyl, e.g. ethinyl, or 
halogen, e.g. fluoro substituents. 

In an alternative embodiment, the polycyclic compound may not contain or be based on a 
steroid nucleus. In this regard, the polycyclic compound may contain or be based on a non- 
steroidal ring system - such as diethylstilboestrol, stilboestrol, coumarins, flavonoids, 
combrestatin and other ring systems. Other suitable non-steroidal compounds for use in or as 
the composition of the present invention may be found in US-A-556783 1 . 

Preferably, Group I and Group II are each attached to the same ring of the cyclic compound of 
the present invention at positions ortho with respect to each other. 

Preferably, the polycyclic compound has a steroidal structure and Group I is attached to the A 
ring. 

Preferably, the Group I is attached to the 2 position of the A ring of the steroidal structure. 

Preferably, the polycyclic compound has a steroidal structure and Group II is attached to the 
A ring. 

Preferably, the Group II is attached to the 3 position of the A ring of the steroidal structure. 

Group I is a hydrocarbyl or an oxyhydrocarbyl group. 

The term "hydrocarbyl group" as used herein is defined above. 
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In one preferred embodiment of the present invention, the hydrocarbyl group is a 
hydrocarbon group. 

.5 The term "hydrocarbon group" as used herein is defined above. 

Preferably the hydrocarbyl group is of the formula (such as a C1.3). 

If the compound comprises a steroidal nucleus, preferably the A ring has a hydrocarbyl group 
10 at the 2 position. 

More preferably the group Ci^ is attached to the 2 position of the A ring of a steroidal 
nucleus. 

15 Preferably, the hydrocarbyl group is an alkyl. 

The alkyl is preferably a lower alkyl group containing from 1 to 5 carbon atoms, that is to say 
methyl, ethyl, propyl etc. Preferably, the alkyl group is methyl or ethyl. 

20 Thus, in a preferred embodiment, if the compound comprises a steroidal nucleus the A ring 
has an methyl or ethyl substituent at the 2 position. 

The term "oxyhydrocarbyl group" as used herein means a group comprising at least C, H 
and O and may optionally comprise one or more other suitable substituents. Examples of 

25 such substituents may include halo-, alkoxy-, nitro-, an alkyl group, a cyclic group etc. In 
addition to the possibility of the substituents being a cyclic group, a combination of 
substituents may form a cyclic group. If the oxyhydrocarbyl group comprises more than 
one C then those carbons need not necessarily be linked to each other. For example, at 
least two of the carbons may be linked via a suitable element or group. Thus, the 

30 oxyhydrocarbyl group may contain hetero atoms. Suitable hetero atoms will be apparent to 
those skilled in the art and include, for instance, sulphur and nitrogen. 

In one preferred embodiment of the present invention, the oxyhydrocarbyl group is a 
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oxyhydrocarbon group. 

Here the term "oxyhydrocarbon" means any one of an alkoxy group, an oxyalkenyl group, 
an oxyalkynyl group, which groups may be linear, branched or cyclic, or an oxyaryl group. 
5 The term oxyhydrocarbon also.includes those groups but wherein they have been optionally 
substituted. If the oxyhydrocarbon is a branched structure having substituent(s) thereon, 
then the substitution may be on either the hydrocarbon backbone or on the branch; 
alternatively the substitutions may be on the hydrocarbon backbone and on the branch. 

1 0 Preferably the oxyhydrocarbyl group is of the formula Cj^O (such as a CkjO). 

If the compound comprises a steroidal nucleus, preferably the A ring has an oxyhydrocarbyl 
group at the 2 position. 

15 More preferably the group C\*0 is attached to the 2 position of the A ring of a steroidal 
nucleus. 

Preferably, the oxyhydrocarbyl group is an alkoxy. 

20 The alkyl group of the alkoxy substituem is preferably a lower alkyl group containing from 
1 to 5 carbon atoms, that is to say methyl, ethyl, propyl etc. Preferably, the alkyl group is 
methyl. 

Thus, in a preferred embodiment, if the compound comprises a steroidal nucleus the A ring 
25 has an methoxy substituent at the 2 position. 

In one preferred embodiment of the present invention, preferably the compound is non- 
oestrogenic. The term "non-oestrogenic" means exhibiting no or substantially no oestrogenic • 
activity. 

30 

In one preferred embodiment of the present invention, preferably the compound is not 
capable of being metabolised to compounds which display or induce hormonal activity. 
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In one preferred embodiment of the present invention, preferably the compound of the present 
invention is orally active. 

The present invention is based on the highly surprising finding the compounds of the 
5 present invention provides an effective means to prevent and/or inhibit and/or arrest cell 
cycling. 

We have found that compounds having a hydrocarbyl or an oxyhydrocarbyl substituent on the 
A ring and/or having a group of the formula of Group II on the A ring are potent (and in some 
1 0 cases highly potent) in preventing and/or inhibiting and/or arresting cell cycling. 

A preferred compound of the present invention has the formula: 




Group I 

Group II 

15 

wherein rings A, B. C and D are independently optionally substituted. 

Preferably Group I is in the 2-position. 

20 Preferably Group II is in the 3-positiOn. 

In one preferred aspect, X is S and R is N(Ri)(R2). In other words, preferably Group II is a 
group of the formula: 

O 



R, ° 



*2 
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wherein each of Rj and R 2 is independently selected 'from -H -or a hydrocarbyl group. 

Thus in a preferred aspect the present invention provides the use of a cyclic compound or a 
pharmaceutical^ active salt thereof in the manufacture of a medicament to prevent and/or 



wherein each of Rj and R2 is independently selected from H or a hydrocarbyl group. 

Group II of these preferred compounds is referred to as a "sulphamate group". These 
preferred compounds are referred to as "sulphamate compounds". 

Preferably. Ri and R 2 are independently selected from H or alkyl, cycloalkyl. alkenyl and 
aryl or together represent alkylene, wherein the or each alkyl or cycloalkyl or alkenyl or 
optionally contain one or more hetero atoms or groups. 

When substituted, the N-substituted sulphamate compound may contain one or two N-alkyl, 
N-alkenyl, N-cycloalkyl, N-acyl, or N-aryl substituents, preferably containing or each 
containing a maximum of 1 0 carbon atoms. When Ri and/or R2 is alkyl, the preferred values 
are those where Rj and R2 are each independently selected from lower alkyl groups 
containing from 1 to 5 carbon atoms, that is to say methyl, ethyl, propyl etc. Preferably R t 
and K 2 are both methyl. When Ri and/or R2 is aryl. typical values are phenyl and tolyl 
(-PhCH;,; 0-. /??- or p-). Where Ri and R2 represent cycloalkyl, typical values are cyclopropyl, 
cyclopentyl, cyclohexyl etc. When joined together Ri and R 2 typically represent an alkylene 
group providing a chain of 4 to 6 carbon atoms, optionally interrupted by one or more hetero 
atoms or groups, e.g. -0- or -NH- to provide a 5-, 6- or 7- membered heterocycle, e.g. 



inhibit and/or arrest cell cycling, wherein the cyclic compound comprises at least one ring, 
wherein Group I and Group II, independently of each other, are attached to a ring of the cyclic 
compound; wherein Group I is a hydrocarbyl or an oxyhydrocarbyl group; and wherein Group 
II is a group of the formula 



O 




2 
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morpholino, pyrrolidine or piperidino. 

Within the values alkyl, cycloalkyl, alkenyl, acyl and aryl we include substituted groups 
containing as substituents therein one or more groups which do not interfere with the celi 
5 cycling arresting and/or inhibiting and/or prevention activity of the compound in question. 
Exemplary non-interfering substituents include hydroxy, amino, halo, alkoxy, alkyl and aryl. 
A non-limiting example of a hydrocarbyl group is an acyl group. 

In some preferred embodiments, at least one of Rj and R 2 is H. 

10 

Examples of suitable sulphamate compounds for use in the present invention, or examples 
of suitable compounds that can be converted to suitable sulphamate compounds for use in 
the present invention, can be found in the art - such as PCT/GB92/01587, 
PCT/GB97/03352, PCT/GB97/00444, GB 9725749.7, GB 9725750.5, US-A-5567831, US- 
1 5 A-5677292, US-A-556783 1 , WO-A-96/052 1 6, and WO-A-96/052 1 7. 

By way of example, PCT/GB92/01587 teaches novel sulphamate compounds and 
pharmaceutical compositions containing them for use in the treatment of oestrone dependent 
tumours, especially breast cancer. These sulphamate compounds are sulphamate esters. 
20 Examples of such inhibitors are sulphamate ester derivatives of steroids. 

Another compound suitable for use in the present invention has at least the following skeletal 
structure; 




wherein Group II denotes a sulphamate group as described above; and 
rings A, B, C and D are independently optionally substituted. 
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Preferably, Group II is the above-mentioned preferred formula for the sulphamate group. In 
this regard, it is preferred that at least one of R| and R 2 is H. 

Another compound suitable for use in the present invention has at least the following skeletal 
structure: 




wherein Group II denotes a sulphamate group as described above; and 
rings A, B, C and D are independently optionally substituted. 

Preferably, R is the above-mentioned preferred formula for the sulphamate group. In this 
regard, it is preferred that at least one of R| and R 2 is H. 

We have found that compounds having an a sulphamate group on the A ring and a 
hydrocarbyl or an oxyhydrocarbyl substituent on the A ring are particularly potent (and in 
some cases highly potent) in preventing and/or inhibiting and/or arresting cell cycling. 

A preferred compound of the present invention has the formula: 



O 




Group II is a sulphamate group; and 

rings A, B, C and D are independently optionally substituted. 
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Preferably Group I is in the 2-position. 



Preferably Group II is in the 3-position. 



.5 



For the present invention, preferably the sulphamate compound is an oxyhydrpcarbyl 
steroidal sulphamate compound, in particular 2-methoxyoestrone-3-0-suIphamate, or a 
pharmaceutically active salt thereof, including analogues thereof. 

10 2-methoxyoestrone-3-0-sulphamate is an analogue of oestrone-3-O-sulphamate (otherwise 
known as "EMATE"), which has the following structure: 

O 




H O 



H 



- and can be called 2-methoxy EMATE. 

15 2-methoxy EMATE is the sulphamoylated derivative of a naturally occurring oestrogen 
metabolite, 2-methoxyoestrone. This compound is formed in the liver by the hydroxylation 
of oestrone by a 2-hydroxylase, with subsequent metabolism to the methoxy derivative by 
catechol oestrogen methyl transferase. 

20 2-methoxy EMATE has the formula presented as formula below: 




2-methoxy EMATE is believed to act in vivo, at least in part, by preventing and/or 
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Thus, in a highly preferred embodiment the sulphamate compound is an oxyhydrocarbyl 
steroidal sulphamate compound, in particular 2-methoxyoestrone-3-0-sulphamate (2- 
5 methoxy EMATE). 

In this regard, we have found that a sulphamate compound having aC^ (such as a do) 
alkoxy substituent at the 2 position of the A ring, in particular 2-methoxy EMATE, is highly 
potent in preventing and/or inhibiting growth of tumours. 

10 

In one embodiment, preferably, the sulphamate compound is an oxyhydrocarbyl steroidal 
sulphamate compound wherein the sulphamate group is in the 3 position on the steroidal 
component and/or the oxyhydrocarbyl group is in the 2-position position on the steroidal 
component. 

15 

In one embodiment, preferably, the sulphamate compound is an oxyhydrocarbyl derivative 
of oestrone sulphamate. 

In one embodiment, preferably, the sulphamate compound is an oxyhydrocarbyl derivative 
20 of oestrone-3-O-sulphamate. 

. In one embodiment, preferably, the sulphamate compound is a (such as a Cio) alkoxy 
derivative of oestroneO-O-sulphamate. 

25 In one embodiment, preferably, the sulphamate compound is a 2-C\4 (such as a C1.3) 
alkoxy derivative of oestrone-3-O-sulphamate. 

In one embodiment, preferably, the sulphamate compound is 2-methoxyoestrone-3-<2- ' 
sulphamate. 

30 

For the present invention, the sulphamate compound may preferably be a hydrocarbyl 
steroidal sulphamate compound, in particular 2-ethyloestrone-3-<9-sulphamate, or a 
pharmaceutically active salt thereof, including analogues thereof 
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2-ethyloestrone-3-0-sulphamate is an analogue of oestrone-3-0-sulphamate and can be 
called 2-ethyl EMATE. 

5 2-ethyl EMATE has the formula presented as formula below: 



O 




2-ethyl EMATE is believed to act in v/vo, at least in part, by preventing and/or inhibiting 
1 0 and/or arresting cell cycling. 

Thus, in a highly preferred embodiment the sulphamate compound is a hydrocarbyl steroidal 
sulphamate compound, in particular 2-ethyloestrone-3-<9-sulpharnate (2-ethyl EMATE). 

1 5 In this regard, we have found that a sulphamate compound having a (such as a C]. 3 ) alky! 
substituent at the 2 position of the A ring, in particular 2-ethyl EMATE, is highly potent in 
preventing and/or inhibiting growth of tumours. 

In one embodiment, preferably,- the sulphamate compound is a hydrocarbyl steroidal 
20 sulphamate compound wherein the sulphamate group is in the 3 position on the steroidal 
component and/or the hydrocarbyl group is in the 2-position position on the steroidal 
component. 

In one embodiment, preferably, the sulphamate compound is a hydrocarbyl derivative of 
25 oestrone sulphamate. 

In one embodiment, preferably, the sulphamate compound is a hydrocarbyl derivative of 
oestrone-3-O-sulphamate. 
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In one embodiment, preferably, the sulphamate compound is a C\-6 (such as a Cj. 3 ) alkyl 
derivative of oestrone-3-0-suIphamate. 

In one embodiment, preferably, the sulphamate compound is a 2-Cj^ (such as a C K 0 alkyl 
derivative of oestrone-3-O-sulphamate. 

In one embodiment, preferably, the sulphamate compound is 2-ethyloestrone-3-0- 
sulphamate. 

The sulphamate compounds of the present invention may be prepared by reacting an 
appropriate alcohol with the appropriate sulphamoyl chloride, RjRaNSChCl. Preferred 
conditions for canying out the reaction are as follows. Sodium hydride and a sulphamoyl 
chloride are added to a stirred solution of the alcohol in anhydrous dimethyl formamide at 
0°C. Subsequently, the reaction is allowed to warm to room temperature whereupon stirring 
is continued for a further 24 hours. The reaction mixture is poured onto a cold saturated 
solution of sodium bicarbonate and the resulting aqueous phase is extracted with 
dichloromethane. The combined organic extracts are dried over anhydrous MgS0 4 . 
Filtration followed by solvent evaporation in vacuo and co-evaporated with toluene affords a 
crude residue which is further purified by flash chromatography. Preferably, the alcohol is 
derivatised, as appropriate, prior to reaction with the sulphamoyl chloride. Where necessary, 
functional groups in the alcohol may be protected in known manner and the protecting group 
or groups removed at the end of the reaction. 



is 



In one aspect of the present invention X is P, Y is =0 and Z is -OH; or X is S; Y is =0, Z 
=0, and R is hydrocarbyl. Alternatively stated, the present compound is a sulphonate or a 
phosphonate compound in which Group I is a group of the formula: 

o 



R \ O- 
Z 



wherein X is P or S; when X is P, Z is -OH; when X is S, Z is =0; and R is hydrocarbyl. 
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Preferably the sulphonate or phosphonate compound is a polycyclic compound. More 
preferably the sulphonate or phosphonate compound has a steroidal structure. 

When the sulphonate or phosphonate compound has a steroidal structure the sulphonate or 
5 phosphonate compound may have at least one sulphonate or phosphonate group attached to 
the 3 position of the A ring of the steroidal nucleus. 

In a further preferred aspect the sulphonate or phosphonate compound comprises at least one 
hydrocarbon group, preferably C|-6 alkyl attached to the 2 position of the A ring of a 
10 steroidal nucleus. 

Thus in a further aspect the present invention provides a sulphonate or a phosphonate 
compound comprising a steroidal ring and a sulphonate or a phosphonate group of the 
formula: 

o 
II 

Z 

wherein 
XisPorS; 

when X is P, Z is -OR and R is hydrocarbyl or H; 
when X is S, Z is =0, and R is hydrocarbyl; and 

wherein the sulphonate or phosphonate group is attached to the 3 position of the A ring of the 
steroidal nucleus; and at least one hydrocarbon group, preferably alkyl, is attached to the 
2 position of the A ring of a steroidal nucleus. 

These novel sulphonate or a phosphonate compounds may be used in medicine, preferably 
used in accordance with the present invention. 

Examples of suitable sulphonate or a phosphonate compounds for use in the present 
invention, or examples of suitable compounds that can be converted to suitable sulphonate 
or a phosphonate compounds for use in or the present invention, can be found in the art - 
30 such as PCT/GB92/0 1586. 
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In a further aspect the present invention provides the use of a composition in the manufacture 
of a medicament to prevent and/or inhibit and/or arrest cell cycling, wherein the composition 
comprises 

5 (i) a compound as defined herein; and 

(ii) a further compound as defined herein; and/or 

(iii) a pharmaceutical^ acceptable carrier, diluent, or excipient; and/or 

(iv) a biological response modifier; and/or 

(v) pure antioestrogens; and/or 

1 0 (vi) selective estrogen response modifiers (SERMs); and/or 
(vii) taxol. 

The term biological response modifier ("BRM") includes cytokines, immune modulators, 
growth factors, haematopoiesis regulating factors, colony stimulating factors, chemotactic, 
15 haemolytic and thrombolytic factors, cell surface receptors, ligands, leukocyte adhesion 
molecules, monoclonal antibodies, preventative and therapeutic vaccines, hormones, 
extracellular matrix components, fibronectin, etc. 

Preferably, the biological response modifier is a cytokine. Examples of cytokines include: 
0 interleukins (IL) - such as IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9 r IL-10. IL-J 1, 
IL-12, IL-1 9; Tumour Necrosis Factor (TNF) - such as TNF-a; Interferon alpha, beta and 
gamma; TGF-p. 

Preferably the cytokine is tumour necrosis factor (TNF). 



For the preferred aspect of the present invention, the TNF may be any type of TNF - such as 
TNF-a, TNF-p, including derivatives or mixtures thereof More preferably the cytokine is 
TNF-a. 

0 Teachings on TNF may be found in the art - such as WO-A-98/08870 and WO-A- 
98/13348. 

For pharmaceutical administration, the composition of the present invention can be 



WO 00/66095 



PCT/GB00/01661 



formulated in any suitable manner utilising conventional pharmaceutical formulating 
techniques and pharmaceutical carriers, adjuvants, excipients, diluents etc. - such as those for 
parenteral administration. Approximate effective dose rates are in the range 100 to 8Q0 
mg/day depending on the individual activities of the compounds in question and for a patient 
5 of average (70Kg) bodyweight. More usual dosage rates for the preferred and more active 
compositions will be in the range 200 to 800 mg/day, more preferably. 200 to 500 mg/day, 
most preferably from 200 to 250 mg/day. They may be given in single dose regimes, split 
dose regimes and/or in multiple dose regimes lasting over several days. For oral 
administration they may be foimulaled in tablets, capsules, solution or suspension containing 

10 from 100 to 500 mg of composition per unit dose. Alternatively and preferably the 
compositions will be formulated for parenteral administration- in a suitable parenterally 
administrable carrier and providing single daily dosage rates in the range 200 to 800 mg, 
preferably 200 to 500, more preferably 200 to 250 mg. Such effective daily doses will, 
however, vary depending on inherent activity of the active ingredient and on the bodyweight 

1 5 of the patient, such variations being within the skill and judgement of the physician. 

The compound or composition of the present invention may be administered in any suitable 
manner - such as any one or more of oral administration, topical administration (such as by 
means of a patch), parenteral administration, rectal administration or by inhalation spray. 

20 

In the method of treatment, the subject is preferably a mammal, more preferably a human. 
For some applications, preferably the human is a woman. 

For particular applications, it is envisaged that the compounds or compositions of the present 
25 invention may be used in combination therapies, either with a sulphatase inhibitor, or. for 
example, in combination with an aromatase inhibitor, such as for example, 
4-hydroxyandrostenedione (4-OHA). 

In accordance with the present invention, the components of the composition can be added . 
30 in admixture, simultaneously or sequentially. Furthermore, in accordance with the present 
invention it may be possible to form at least a part of the composition in situ (such as in 
vivo) by inducing the expression of - or increasing the expression of - one of the 
components. For example, it may be possible to induce the expression of - or increase the 
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expression of - the biological response modifier, such as TNF. By way of example, h mav 
be possible to induce the expression of - or increase the expression of - TNF by adding 
bacterial lipopolysaccharide (LPS) and muramyl dipeptide (MDP). In this regard, bacterial 
LPS and MDP in combination can stimulate TNF production from murine spleen cells in 
5 vitro and tumour regression in vivo (Fuks et al Biull Eksp Biol Med 1987 104: 497-499) t 

The present invention also provides compositions/compounds which: 

• cause inhibition of growth of oestrogen receptor positive (ER+) and ER negative (ER-) 
1 0 breast cancer cells in vitro by preventing and/or inhibiting and/or arresting cell cycling. 

• cause regression of nitrosomethyl urea (NMU)-induced mammary tumours in intact 
animals (i.e. not ovariectomised). 

• prevent and/or inhibit and/or arrest cell cycling in cancer cells. 

• act in vivo by preventing and/or inhibiting and/or arresting cell cycling 
15 • act as a cell cycling agonist. 

In a further aspect the present invention provides use of a cyclic compound or a 
pharmaceutical ly active salt thereof in the manufacture of a cell cycling agonist, wherein the 
cyclic compound comprises at least one ring, wherein Group I and Group II, independently of 
20 each other, are attached to a ring of the cyclic compound; wherein Group I is a hydrocarbyl or 
an oxyhydrocarbyl group; and wherein Group II is a group of the formula 
Y 

ii 

Z 

X is P or S; when X is P, Y is =0 or S, Z is -OH and R is hydrocarbyl or H; when X is S, Y 
is =0. Z is =0, and R is hydrocarbyl or N(Ri)(R 2 ), wherein each of R| and R? is 
25 independently selected from H or a hydrocarbyl group. 

The compounds of the present invention such as 2-methoxyoestrogens are emerging as a 
new class of drug that can inhibit tumour growth and inhibit angioeenesis. As 
sulphamoylation of oestrogens enhances their potency and bioavailability we describe 
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below the synthesis of 2-methoxyoestrone-3-0-sulphamate (2-MeOEMATE) and 
comparison of its ability to inhibit the proliferation of breast cancer cells with that of 2- 
methoxyoestrone (2-MeOEl). 2-MeOEMATE (l^iM) inhibited the growth of estrogen 
receptor positive MCF-7 breast cancer cells by 52% whereas 2-MeOEl had little effect at 
5 this concentration. 2-MeOEMATE also inhibited the growth of estrogen receptor positive 
MDA-MB-23 1 breast cancer cells. Exposure of cells to 2-MeOEMATE caused them to 
round up and become detached suggesting that this compound may induce cells to undergo 
apoptosis. Cell cycle analysis revealed that 2-MeOEMATE caused cells to arrest in the 
G 2 /M phase with the increase in G 2 /M arrested cells being detectable by 12h. Exposure of 

10 MCF-7 cells to 2MeOEMATE for 24h followed by culture in drug-free medium for 24h 
did not reverse the arrest of cells in the G 2 /M phase. TUNEL "analysis confirmed that 2- 
MeOEMATE induced apoptosis in a significant proportion of treated MCF-7 cells. In an 
preliminary in vivo study, employing nitrosomethyiurea-induced mammary tumours in 
intact rats, 2-MeOEl (20mg/kg/d, p.o. for 1 1 days) had little effect on tumour growth. In 

1 5 contrast, the same dose of 2-MeOEMATE resulted in the almost complete regression of 2/3 
tumours over an 11 -day period. It is concluded that 2-MeOEMATE should have 
considerable therapeutic potential for the treatment of hormone-dependent and independent 
breast tumours. 

20 In summation, the present invention provides compositions for use in treatment of tumours 
and pharmaceutical compositions containing them. 

The present invention will now be described only by way of example, in which reference, 
in which reference shall be made to the following Figures. 

25 

Figure 1 which illustrates structures; 
Figure 2 which is a graph; 
Figure 3 which is a photographic plate; 
Figure 4 which is a photographic plate 
30 Figure 5 which is a photographic plate 
Figure 6 which is a graph; 
Figure 7 which is a graph; 
Figure 8 which is a graph; 
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Figure 9 which is a graph; 
Figure 1 0 which is a graph; 
Figure 1 1 which is a graph; 
Figure 12 which illustrates structures; 
5 Figure 1 3 which are graphs; 
Figure 14 which are graphs; 
Figure 1 5 which is a photographic plate; and 
Figure 1 6 which are graphs. 

0 Figure 1 Structures: compound 1, 2-methoxyoestradiol (2-MeOE2); 2, oestrone-3-0- 
sulphamate (EMATE); 3, 2-methoxyoestrone-3-0-sulphamate (2-MeOEMATE); 4, 2- 
methoxyoestrone (2-MeOEl); 5, genistein bis-sulphamate (GenMATE); 6, genistein, 7, 2- 
methoxyoestrone-3-sulphate (2-MeOEl S). 

5 Figure 2 Dose-response showing the effects of 2-methoxyoestrone (2-MeOEl) or 2- 
methoxyoestrone-3-0-sulphamate (2-MeOEMATE) on the proliferation of MCF-7 breast 
cancer cells. Cells (5000 per well) were exposed to drug for 4 days (means ± s.d., n=3). 

Figure 3 Effect of a) vehicle, b) 2-methoxyoestrone-3-0-sulphamate (2- 
0 MeOEMATE, l^M) or 2-methoxyoestrone (2-MeOEl, ]jiM) on MCF-7 breast cancer 
cells after 24h. 

Figure 4 Effect of a) vehicle or b) 2-methoxyoestrone-3-0-sulphamate (2- 
MeOEMATE, IpM) on MDA-MB-231 breast cancer cells after 24h. 

5 

Figure 5 Effect of a) vehicle, b) 2-methoxyoestrone-3-0-sulphamate (2- 
MeOEMATE, ]]iM) or c) 2-MeOEMATE (5jiM) on breast tumour-derived fibroblasts at 
24h. 

3 Figure 6 DNA histograms of vehicle (A) or 2-methoxyoestrone-3-0-sulphamate 
. (10nM) treated MCF-7 breast cancer cells at 4h (B), 12h (C) or 24h (D). By 12 h after 
treatment there was evidence of an arrest of cells at the G 2 /M phase. 



WO 00/66095 



29 



PCT/GB00/01661 



Figure 7 DNA histogram of 2-methoxyoestrone-3-0-sulphamate (lO^M) treated 
MCF-7 breast cancer cell s. Compared with controls at 24h (A) or 48h (C) cells treated 
with drug showed a significant increase in the proportion of cells in the G^/M phase at 24h 
(B) and 48h (D), but also an increase in the sub-G t fraction. After exposure of cells for 
5 24h. removal of the drug with a further 24h culture in drug-free medium did not reverse the 
arrest of cells in the G2/M phase (E): 

Figure 8 TUNEL analysis of control MCF-7 cells (A) or cells exposed to 2- 
methoxyoestrone-3-(?-sulphamate (10^M) for 48h (B). Histograms are overlays for cells 
1 0 stained in the absence of TdT (bold) or cells stained with TUNEL reaction mixture (open). 
The bar in the lower figure represents TUNEL positive cells and represents approximately 
10% of treated cells. 

Figure 9 Effect of vehicle (propylene glycol, control animals 1-3), 2-methoxyoestrone 
15 (2-MeOEl, 20mg/kg/d, p.o. for 11 days in two animals) or 2-methoxyoestrone-3-0- 
sulphamate (20mg/kg/d, p.o. for 1 1 days in 3 animals) on the growth of nitrosomethylurea- 
induced mammary tumours in intact rats. Results are expressed as the tumour volumes 
(expressed as a percentage) on days 6 or 1 1 (Vdn) compared with their volumes at the start 
of drug administration. 

20 

Figure 10 Effect of 2-methoxy or 2-ethyl oestrone or their sulphamate derivatives on 
growth of MCF-7 breast cancer cells. 

Figure 11 Irreversible effect of 2-methoxy or 2-ethyl oestrone sulphamate on growth of 
25 MCF-7 breast cancer cells after prior exposure. 

Figure 12 Structures: compound 8, 2-Acetylestrone 3-methyl ether; 9. 2-Ethylestrone 
3-methyl ether: 10, 2-Ethylestrone; 11. 2-Ethylestrone 3-O-sulphamate. 

30 Figure 1 3 Effects of 2-EtEMATE on the DNA content of MCF7 ? ZR-75- 1 , CAL5 1 and 
CAMA1 cells using flow cytometry of propidium iodide (PI) stained cells. 

Figure 14 Effects of 2-MeOE2. 2-MeOEl, 2-EtEl. 2-MeOEMATE and 2-EtEMATE, 
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on MCF7, ZR-75-1, CAL51 and CAMA1. 

Figure 1 5 Photographic plate of stained nuclei after 2EtEMATE exposure. 
5 Figure 1 6 Effects of 2-EtEMATE, on MCF7, ZR-75-1 , CAL5 1 and CAMA 1 . 

General Methods 

'0 All reagents and solvents employed were of general purpose or analytical grade unless 
otherwise stated, and purchased from either Aldrich or Sigma Chemicals or Lancaster 
Synthesis. 

Silica gel refers to silica gel, Merck, grade 60. Product(s) and starting material were 
5 detected either viewing under UV light or treating with a methanolic solution of 
phosphomolybic acid followed by heating. NMR spectra were determined using acetone- 
d 6 , CDC1 3 or DMSO-d 6 as solvent and TMS as internal standard, unless otherwise stated. 
The 'H NMR and 13 C NMR spectra were recorded on a Jeol GX 270 at 270 MHz and on a 
Jeol EX 400 at 400 MHz NMR spectrometer. The following abbreviations are used to 
0 describe resonances in ] H NMR and 13 C NMR spectra: s, singlet; d, doublet; br, broad; t, 
triplet; q ? quartet; m, multiplet and combination such as dd, doublet of doublets. IR spectra 
were determined as KBr discs, using a Perkin-Elmer 782 Infra-Red Spectrophotometer. 
Melting points were determined on a Reichert-Jung Kofler Block and are uncorrected.. 
Mass spectra were recorded on VG 7070 and VG Autospec instruments at the Mass 
5 Spectrometry Service at the University of Bath. FAB-mass spectra were carried out using 
m-nitrobenzyl alcohol (m-NBA) as the matrix. HPLC stability studies were determined 
using LDC Constametric 3000 HPLC Pump and Spectrometer 3000 variable wave length 
detector. CHN analysis was determined using gas chromatography at the Microanalysis 
Service at the University of Bath. 

) 

All reagents and solvents used were stored away from moisture and light and dried before 
use. Low temperature experiments were conducted using a well insulated external bath 
containing either ice/water with NaCl for 0°C or carbon dioxide pellets with acetone or 
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using cold plate. Experiments requiring anhydrous conditions were guarded by mean of a 
drying tube containing self-indicating silica. Evaporation of solvents was carried out with 
a rotary evaporator at reduced pressure (water pump) and on stated occasions, followed by 
the use of a high vacuum pump. Samples were dried in drying tube under high vacuum and 
5 low temperature. 

All assays were performed at the Department of Endocrinology and Metabolic Medicine, 
Imperial College School of Medicine, St. Mary's Hospital, London. 

10 Preparation of sulphamoyl chloride 

Sulphamoyl chloride was prepared by the reaction of chlorosulphonyl isocyanate with 
formic acid according to the method of Appel and Berger. 44 To anhydrous sulphur-free 
toluene (150 ml) chlorosulphonyl isocyanate (25 g., 177 mmol) was added at 0°C under an 

1 5 atmosphere of N 2 . After stirring, formic acid (6.0 ml, 1 56 mmol) Was added dropwise at 0 
°C under N2. The resulting white light emulsion was kept stirring overnight and the 
toluene removed by using a water vacuum pump to give a light yellow crude of sulphamoyl 
chloride (16.24 g, 79%). A standard solution (ca 0.70 M) of sulphamoyl chloride was then 
prepared by dissolving the crude crystalline product in anhydrous sulphur-impurities-free 

20 toluene and stored in the refrigerator under N2. No titration was attempted. on this 
sulphamoyl chloride solution whose molarity was estimated according to the weight of the 
original crude sulphamoyl chloride obtained after workup. Toluene used for preparing 
sulphamoyl chloride solution was purified according to the method described. 45 Cold 
toluene (1-3 litres) was placed in a separating funnel and washed with cold cone. H2SO4 

25 (100 ml/litres, 3-4 times), once with water, once with aqueous 5% NaOH and again with 
water until neutral, dried with anhydrous MgS0 4 followed by sodium metal overnight and 
then fractionally distilled under NS from the sodium metal and stored in dark under N2. 

.Anhydrous formic acid used for preparing sulphamoyl chloride was purified according the 
30 method described. 45 Formic acid (98%) was stirred overnight with boric anhydride and 
then distilled under N 2 > stored in dark under Nj. 
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General method for sulphamoylation 

Starting with the parent compound, the sulphamate derivatives were prepared essentiallv as 
described by Howarth et al XA unless stated otherwise, In this regard, a solution of the 
5 appropriate parent compound in anhydrous DMF was treated with sodium hydride [60% 
dispersion; 1.2 and 2.5 equiv. for monohydroxyl and dihydroxyl compounds respectively, 
unless stated otherwise] at 0°C under an atmosphere of N 2 . After evolution of hydrogen 
had ceased, sulphamoyl chloride in toluene [excess, ca. 5-6 eq.] was added and the reaction 
mixture was poured into brine after warming to room temperature overnight and ethyl 
10 acetate was added. The organic fraction was washed exhaustively with brine, dried 
(MgS0 4 ), filtered and evaporated under reduced pressure. The crude product obtained was 
purified by flash chromatography or preparative TLC followed by recrystallisation to give 
the corresponding sulphamate. All the compounds were characterised by spectroscopic and 
combustion analysis. 

5 

Synthesis of 2-methoxyoestrone-3-0-suIphamate (2-methoxy EMATE) 

2-methoxy EMATE (Fig 1, 3, 2-MeOEMATE) was synthesised by treating a solution of 2 
methoxyoestrone (Fig 1 ? 4, 2-MeOEl) in anhydrous dimethylformamide with sodium 
0 hydride at 0°C. After evolution of hydrogen had ceased sulphamoyl chloride (2 equiv.) was 
added and the reaction mixture was allowed to warm to room temperature overnight. The 
compound was purified by silica gel flash chromatography, was a single pure spot by TLC 
and exhibited satisfactory spectroscopic and microanalytical data. 

> In this regard, 2-Methoxy oestrone (75 mg, 0.250 mmol) gave a crude product (103 mg) 
which was fractionated on silica (50 g) with chloroform/acetone (8:1) and upon 
evaporation the second fraction gave a pale white residue (83 mg, 81%) which was 
recrystallised in ethylacetate/hexane (1:2) to give 1 as white crystals (69 mg) .m.p = Ml-' 
180°C R,s= 0.29 and 0.54 for chloroform/ acetone 8:1 and 4:1 respectively and 0.46 and 
0.31 for ethylacetate/hexane 2:1 and 1:1 respectively, vmax (KBr) 3400, 3300 (-NH 2 ). 
1610 (C=0), and 1380 (-S0 2 N-) cm* 1 . 6 H (CDC1 3 ) 0.922 (3H, s, C-I8-CH3), 1-24- 2.87 
(15H. m), 3.88 (3H, s. C-2-OCH 3 ), 5.0 (2FL br s, exchanged with D 2 0,- SCKNHj), 6.93 
OR s, C-J- H) and 7.06 (1R s, C-4-H). MS: m/z (+ve ion FAB in m- NBA. rel. 
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intensity) 379.1 [100, (M) 4 ], 300.6 [25, (M-S0 2 NH 2 f]. MS: m/z (-ve ion FAB in m-NBA, 
reK intensity) 378.0 [100, (M-H)l Acc. MS: m/z (FAB* 1 ) = 380.1515 C19H26NO5S 
requires 380.1532 Found C, 60.0; H, 6.7; N, 3.67; C19H25NO5S requires C, 60.14; H, 6.64; 
N, 3.69%. 

.5 

Genistein bis-sulphamate (Fig 1, 5, GenMATE) was prepared from genistein (Fig K 6) by 
the same procedure with the exception that 2.5 eq sodium hydride was used. 

2-Methoxyoestrone and other steroids, cytochalasin B were obtained from Sigma (Poole, 
10 Dorset, UK). Genistein for the sulphamoylation reaction was obtained from Lancaster 
(Manchester UK). - 

Synthesis of 2-Ethylestrone (2-EtEl) 

and 2-Ethylestrone-3-0-sulfamate (2-EtEMATE) 

2-Ethylestrone (2-EtEl) and 2-Ethylestrone-3-C>-sulfamate (2-EtEMATE) were prepared as 
follows see : briefly, Friedel-Crafts acetylation of estrone-3-O-methyl ether and catalytic 
hydrogenation followed by demethylation gave 2-Ethylestrone (2-EtEl ) which was reacted 
with sulfamoyl chloride to give the corresponding 3-O-sulfamate (2-EtEMATE). 2- 
20 Ethylestradiol has been synthesised previously by a different route (21). Compounds were 
prepared as 10 mM stocks in tetrahydrofuran (THF). 

2-Acetylestrone 3-methyl ether (8) 

25 To a suspension of anhydrous aluminium chloride (3.76 g, 28.20 mmol) and acetyl chloride 
(2.0 ml, 28.13 mmol) and anhydrous nitromethane/dichloromethane .(50 ml) at 0 6 C, 
estrone methyl ether (4.0 g, 14.07 mmol) was added. After being stirred for 5 h at room 
temperature. The reaction mixture was poured into 10% HC1 (100 ml) and the resulting 
mixture was extracted with ethyl acetate (3x100 ml). The combined organic extracts were 

30 washed with, brine until neutral dried (MgS0 4 ), filtered and evaporated. The 
yellow/brown residue that was obtained was triturated with methanol and the resulting 
white precipitate was collected by filtration and air-dried to give a white solid (4.3 g) which 
was recrystallized from methanol to give 8 as white crystals (4.0 g, 87%); mp 181-184°C 
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(lit. 189-190°C); 224 TLC (chloroform/acetone, 8:1): Rf 0.82; vmax (KBr) 1730 (C-17. 
C=0), 1670 (acetyl, CO) cm" 1 ; 6 H (400 MHz. CDC1 3 ) 0.9 (3H, s, C-18-CHj), 1.39-2.54 
(13H, m), 2.61 (3H, s, CHjCO), 2.94 (2H, t, J = 4.4 Hz, C-6-H2), 3.88 (3H, s. OQb), 6.69 
(1H, s, C-4-H), and 7.7 (1H, s, C-l-H); 5 C (400 MHz, CDC1 3 ) 13.83 (q, C-18), 21.56 (t), 
5 25.82 (t), 26.3 (q, CH 3 CO), 29.9 (t), 31.44 (t), 31.93 (t), 35.84 (t), 38.24 (d), 43,75 (d), 
47.95 (s, C13), 50.33 (d), 55.5 (q, OCH 3 ), 111.81 (d, C-4), 127.66 (d, C-l), 125.67 (s), 
'132.08 (s), 143.21 (s), 157.15 (s, C-3), 199.39 (s. C=0) and 220 (s, C-17-C=0). MS m/z 
(FAB+) 327.2 [100, (M+H) + ], 311.2 (10), 173.2 (5). Found C, 77.4; H, 8.04 C 21 H 26 0 3 
requires C, 77.27; H. 8.03%. 

10 

2-Ethylestrone 3-methyl ether (9) 

A solution of 8 (1.0 g, 3.063 mmol) in THF/ethanol (1:2) (30 ml) was hydrogenated in the 
presence of Pd-C (1.0 g, 10%) 50 psi at room tempreature for 24 h. After the supported 

1 5 catalyst was removed by filtration the filtrate was evaporated to give a white solid (950 mg) 
which was fractionated by flash chromatography (chloroform/acetone gradient). The less 
polar fraction gave a white solid (805 mg) which was further purified by recrystallization 
from methanol to give 9 as white crystals (775 mg, 78%); mp 112-115 °C; TLC 
(chloroform, and chloroform/acetone, 8:1): R/s 0.56 and 0.78 respectively; vmax (KBr) 

20 1730 (C=0), 1600 cm"'; 5 H ((400 MHz, CDCI3), CDCI3) 0.91 (3H, s, C-I8-CH3), 1.17 (3H, 
t. J = 7.7 Hz, CH3CH,), 1 .39-2.48 (13H, m), 2.62 (2H, q, C-l-ClhC^), 2.87 (2H, m, C-6- 
H2), 3.81 (3H, s, OCHj), 6.58 (1H, s, C-4-H), and 7.08 (1H, s, C-l-H); 5c (400 MHz, 
CDCI3) 13.86 (q), 14.54 (q), 21.58 (t). 22.86 (t), 25.82 (t), 26.17 (t), 29.72 (t), 31.63 (t), 
35.88 (t), 38.23 (d), 44.04 (d), 48.23 (s, C13), 50.38, 55.32 (q, OCH 3 ), 110.8 (d, C-4), 

25 126.34 (d, C-l), 130.08 (s), 131.31 (s), 134.71 (d), 155.41 (s) and 220 (C-17, C=0); MS 
m/z (FAB+) 312.1 [100, (M)*]. Found C, 80.5; H, 9.03 C 2 ,H 2g 0 2 requires C. 80.73; H, 
9.03%. 

2-Ethylestrone (10) 

30 

Aluminum chloride (1.28 g, 9.615 mmol;, sodium iodide (1.44 g, 9.615 mmol) and 9 (300 
mg. 961.5 umol) were added in this order to a mixture of acetonitrile (25 ml) and 
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dichloromethane (12.5 ml) at 0 °C under N2. The resulting suspension was heated under 
reflux for 8 h, cooled to room temperature and then poured into water and followed by 
extraction with dichloromethane (3 x 1 00 ml). The combined DCM exctracts were washed 
with 10% sodium thiosulphate (100 ml), brine, dried (MgS0 4 ), filtered and evaporated to 
5 give a yellow solid (290 mg), which was fractionated by flash chromatography 
(chloroform/acetone gradient). -The yellow solid that isolated (254 mg) was further purified 
by recrystallization from acetone to give 10 as yellow crystals (240 mg, 83%); mp 201-204 
°C; TLC (chloroform and chloroform/acetone, 8:1): R/0.3 and 0.65 respectively; vmax 
(KBr) 3300 (OH), 1720 (C=0) cm* 1 ; 5 H (400 MHz, CDCh) 0.91 (3H, s, CM8-CH3), 1.22 
10 (3H, t, CliCHr), 138-2.51 (13H, m), 2.63 (2H, q, C-2-CH2CH 3 ), 2.86 (2H, m, C-6-H2), 
4.68 (1H, br s, exchanged with D 2 0, OH), 6.52 (1H, s;C-4-H) ahd (1H, s, C-l-H); MS m/z 
(FAB+) 298.0 [100, (M) + ], 273.9 (10), 255.1 (10); MS m/z (FAB-) 297.1 [100, (M-H)l, 
276.0 (45), 258.0 (40); Acc. mass (FAB+) 298.1928 requires C20H26O2 298.1933. 

1 5 2-EthyIestrone 3-O-sulphamate (11) 

To a stirred solution of 10 (150 mg, 502.6 jimol) and 2,6-di-r-butyl-4-methylpyridine 
(DBMP) (310 mg, 1.51 mmol) in CH 2 C1 2 (10 ml) ? sulphamoyl chloride in toluene (3.016 
mmol) was added dropwise. After being stirred for 2 h the reaction mixture was diluted 

20 with dichloromethane (100 ml) and the resulting mixture washed with brine, dried 
(MgSOj). filtered and evaporated. The residue that was obtained (1 70 mg) was fractionated 
by flash chromatography (chloroform/acetone gradient) and the white solid that isolated 
(155 mg) was further purified by recrystallization from ethyl acetate/hexane (1:2) to give 
11 as white crystals (146 mg, 77%); mp 165-167 °C; TLC (chlorofom/acetone, 8:1): Rf 

25 0.41: vmax (KBr) 3500-3300 (NH 2 ), 1.720 (C=0), 1390 (S0 2 N) cm*'; 6 H (400 MHz, 
CDCb) 0.91 (3H, s, C-I8-CH3), 3.22 (3H, t, C&CHr), 1.41-2.55 (13H, m), 2.71 (2H, q, 
C-2-CH2CH3), 2.89 (2H ; m. C-6-H2X 5.0 (2H, br s. exchanged with D 2 0, OSO2NH2X 7.1 1 
(1H. s, C-4-H) and 7.2 (1H, s, C-l-H); MS m/z (FAB+) 531.2 [10 ? (M-rH+NBA)"]. 377.1" 
[100, (Mfl 298.2 [20, (M+H-SCbNH.f]: MS m/z (FAB-) 530.1 [30. (M+NBA)"], 376.1 
■ 30 [100. (M-H)*], 275.1 (10): Acc. MS (FAB^) 377.1683 requires C20H27NO4S 377.1661. 
Found C, 63.4; H. 3.73; N, 7.4 requires C20H27NO4S C, 63.63; H, 3.71; N, 7.21%. 

EXAMPLE 1 - Cell Culture 
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MCF-7 (ER+) and MDA-MB-231 (ER-> breast cancer cells were obtained from the 
American Type Culture Collection (Rockville, MD). Cells were routinely cultured in 
25cm- culture flasks in Eagle' s minimum essential medium (EMEM) with Hepes buffer 
5 (20mM). This medium was supplemented with L-glutamine (2mM), sodium hydrogen 
carbonate (lOrnM), 1% non-essential amino acids and 5% (v/v) foetal calf serum (FCS) 
Before adding test compounds, cells were washed with phosphate-buffered saline (PBS) 
and treatments added in phenol-red free medium containing 2% stripped FCS and 
supplements. The effects of 2-MeOEl or 2-MeOEMATE on the growth of MCF-7 cells 
10 was assessed using a Cell Titer 96 cell proliferation assay (Promega, Southampton, Hants, 
UK) according to the manufacturers' instructions. For this, cells (5000 per well) were 
cultured.in medium containing phenol-red and 10% FCS and were exposed to a drug for 4 
days before the assay was performed. For MDA-MB-231 cells, cell numbers were 
determined using a Coulter counter. 

15 

For the culture of fibroblasts, resected breast tumour tissue was minced and incubated in 
EMEM for 18^24h at 37°C with collagenase (200m g/ml). The dispersed cells were 
harvested by centrifugation and washed twice with medium to remove collagenase. 
Dispersed cells were seeded into culture flasks and grown to confluence before passaging 
20 on a weekly basis. For experimental purposes 12 well multi-well plates or 25cm 2 flasks 
were seeded with fibroblasts and grown to 70-80% confluency- Cells were washed with 
PBS and exposed to drugs for 24h before determining cell numbers using a Coulter 
counter. 

25 Photomicrographs of control and treated cells were taken under normal conditions of light 
and exposure using an Olympus SL35 Type 12 camera under an Olympus CK2 microscope 
(x 1 00 magnification). 

Results 

30 The effect of 2-MeOE 1 or 2-MeOEMATE on the proliferation of MCF-7 cells over a 4-day 
period was determined using a microwell plate proliferation assay (Fig 2). 2-MeOEl at 
0.1 uM or l.OjiM had little effect on the proliferation of MCF-7 cells but reduced growth by 
19% at JOfiM. In contrast. 2-MeOEMATE inhibited cell proliferation by 29% and 52% 
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respectively at 0.1 ^iM and I.OliM. However, no further effect on cell proliferation was 
detected when cells were exposed to a higher (IOjiM) concentration of 2-MeOEMATE. 

Exposure of MCF-7 cells to 2-MeOEMATE had a marked effect on cell morphology (Fig 
. 5 3). In untreated cells (Fig 3a) only a few rounded cells were visible per field, whereas for 
cells treated with 2-MeOEMATE (lptM) for 24h there was a significant increase in the 
number of rounded and detached cells (Fig 3b). In contrast, 2-MeOEl (IpM) had little 
effect on cell morphology (Fig 3c). Oestrone or EMATE when tested at IO^iM did not 
affect cell morphology (data not shown). 
10 2-MeOEMATE (l^M) had a similar effect on ER negative MDA-MB-231 breast cancer 
cell morphology and number (Figs 4a and 4b). At IpM the number of MDA-MB-231 cells 
was reduced by 21% compared with untreated cells. As the stromal compartment 
constitutes a major proportion of the volume of breast tumours the effect of 2- 
MeOEMATE on the morphology of breast tumour-derived fibroblasts was also examined 
15 (Fig 5). At l^iM little effect on cell morphology was detected (Fig 5b) whereas at 5pM 
rounding of a significant proportion of fibroblasts occurred (Fig 5c). In contrast to the 
effect of 2-MeOEMATE on epithelial cell numbers it did not reduce the number of 
fibroblasts. 

20 EXAMPLE 2 - Flow cytometry analysis 

Cells were cultured in the presence of 2-MeOEl, 2-MeOEMATE or vehicle for up to 48h. 
To examine the reversibility of the effects, of 2-MeOEMATE on the cell cycle, cells were 
treated for 24h with the drug after which cells were washed and cultured in fresh medium 
25 without drug for a further 24h period. 

To prepare cells for analysis of DNA content, cells were trypsinised (0.25% trypsin, 0,02% 
EDTA) ; washed with PBS and fixed with 70% ethanol. Cells were collected by; 
centrifugation. re-suspended in PBS (1-2 x 10 b cells/ml) and treated with RNase A 
30 (O.lmg/ml) and stained with propidium iodide (0.05mg/ml) for 30 min at room 
temperature. Cells were analysed with a flow cytometer (FACscan, Becton Dickinson 
Immunocytometry System, Bedford MA). 
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Results 

MCF-7 cells were treated with 2-MeOEMATE (IO^iM) and the cell cycle distribution was 
analysed by flow cytometry. A time-course study revealed a progressive accumulation of 
5 cells in the G2/M phase and the effect was apparent by 12h after treatment (Fig 6). 

The proportion of cells in the G| phase of the cell cycle decreased from 66% for untreated 
cells to 50% and 23% respectively after 12h or 24h exposure to 2-MeOEMATE. There 
were corresponding increases in the proportions of cells in the G2/M phase with little 
1 0 change in cells in the S phase being detected. 

In a reversibility study, MCF-7 cells exposed to 2-MeOEMATE (lOjaM) for 24h or 48h 
again showed a marked increase in the proportion of cells in the G2/M phase of the cell 
cycle (Fig 7a-d). For cells exposed to drug for 24h after which drug was removed and cells 

1 5 cultured in drug-free medium for a further 24h, a significant proportion of cells remained 
arrested in the G 2 /M phase (Fig 7e). Quantitation of cells in the sub-G], G), S or G 2 /M 
phase of the cycle (Table 1) confirmed the reciprocal decrease in the proportion of cells in 
the Gi phase and increase in the G2/M phase. However, a significant increase in the 
proportion of cells in the sub-Gj fraction was also detected. Cells in the sub-Gj fraction 

20 may represent cells undergoing apoptosis. 

Table 1 : Effect of 2-MeOEMATE ( 1 0|iM) on cell cycle distribution 
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EXAMPLE 3 - TUNEL analysis 

The ability of 2-MeOEMATE to induce apoptosis in MCF-7 cells was examined by 
TUNEL analysis using an in. situ cell death detection kit (Boehringer Manheim UK Ltd., 
.5 Lewes, East Sussex, UK), Cells were fixed and permeabilised according to the 
manufacturers* instructions. Stained apoptotic cells were quantitated by flow cytometry. 

Results 

10 The possibility that cells in the sub-Gi fraction may represent cells undergoing apoptosis 
was confirmed in a further experiment by TUNEL analysis (Fig-8). For untreated cells no 
increase in the proportion of fluorescently labelled cells was detected after staining. In 
contrast, there was a significant increase in the proportion of fluorescently labelled cells 
after exposure to 2-MeOEMATE (IO^iM) for 48h. Fluorescently labelled cells represented 

15 approximately 10% of the cell population. This result indicates that 2-MeOEMATE can 
induce cells to undergo apoptosis. 

EXAMPLE 4 - Effect of 2-MeOEMATE on growth of NMU-induced mammary 
tumours in intact rats 

20 

The effect of 2-MeOEMATE on mammary tumour growth was examined in a preliminary 
study using Ludwig rats (Harlan Olac, Bicester, UK) in which tumours were induced by 
inoculation of NMU. Tumour development was monitored regularly and when 0.5- 1.0cm 3 
in volume, animals received vehicle (propylene glycol. 200^1/day, p.o.), 2-MeOEMATE 
25 (20mg/kg/day, p.o.) or 2-MeOEl (20mg/kg/day, p.o.) daily for an 1 1 day period. Tumour 
length and width was measured with callipers and tumour volumes calculated as described 
(21). 

Results 

30 

A preliminary study was carried out to compare the abilities of 2-MeOEl and 2- 
MeOEMATE to inhibit tumour growth in vivo. For this, the growth of mammary tumours 
was initiated by inoculation with NMU. Drugs were administered orally when tumour 
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volumes reached 0.5- 1.0cm 3 . For two of the animals receiving vehicle, tumour volumes 
continued to increase (average 82%) white little change in the volume of a tumour in a 
third animal was detected (Fig 9). For two animals receiving 2-MeOEl no change in 
tumour volume occurred in one, while for the other a modest (25%) reduction was detected 
5 over the 1 1 -day period of the study. 

For three animals receiving 2-MeOEMATE the tumour volume in one animal continued to 
increase up to day 6, but thereafter showed a slight (8%) reduction. In contrast, for the two 
other animals receiving 2-MeOEMATE, tumours regressed rapidly and were barely 
1 0 palpable at the end of the 1 1 -day period. Tumour volumes in the two animals receiving 2- 
MeOEMATE that regressed were monitored for a further 33 days during which time no 
regrowth of tumours was detected. 

EXAMPLE 5 - Irreversible Effect of 2-Methoxy- or 2-Ethyloestrone Sulphamates on 
1 5 Growth of MCF-7 Breast Cancer Cells 

Procedure 



Stage 1 



MCF-7 breast cancer cells were seeded into multi-well culture plates at a density of 10 5 
cells/well. Cells were allowed to attach and grown until about 30% confluent when they 
were treated as follows: 



Control - no treatment 

25 

2-MeOEl 5^m 
2-MeOEl l^m 

2-MeOEMATE 5fim 
30 2-MeOEMATE l^m 



2-EtEl Spm 
2-EtEl ljim 
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2-EtEMATE 5jim 
2-EtEMATE l^im 

5 Cells were grown for 6 days in growth medium containing the above drugs with changes of 
medium/drug every 3 days. At the end of this period cell numbers were counted using a 
Coulter cell counter. 

The results from this first stage of the experiment are shown in Fig 10. Compared with the 
10 controls, 2-methoxyoestrone or 2-ethyloestrone had little effect on cell growth. In contrast, 
treatment of cells with 2-methoxyoestrone sulphamate at Sjom orjm reduced cell numbers 
to 43% and 52% of the control cell number respectively. The corresponding values after 
treatment of cells with 2-ethyloestrone sulphamate were 36% and 50% respectively. 

15 Stage 2 

After treatment of cells for a 6-day period with the above drugs cells were re-seeded at a 
density of 10 4 Cells/well. No further treatments were added. Cells were allowed to 
continue to grow for a further 6 days in the presence of growth medium. At the end of this 
20 period cell numbers were again counted. 

Results from this part of the experiment are shown in Fig 1 1 . Compared with the controls 
2-methoxyoestrone or 2-ethyloestrone had little effect on cell numbers showing that these 
compounds have .no irreversible growth inhibitory effects on these cells. 

25 

In contrast, cells treated with either 2-methoxyoestrone sulphamate or 2-ethyloestrone 
sulphamate were severely growth restricted. These results demonstrated that once cells 
have been exposed to 2-methoxyoestrone sulphamate or 2-ethyloestrone sulphamate their 
growth is irreversibly compromised. 

30 

EXAMPLE 6 - Effect of Non-Hydrocarbyl/Oxyhydrocarbyl Substituted Sulphamates 

on Growth of MCF-7 Breast Cancer Cells 

Procedure 
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Stages 1 and 2 described above were repeated using Control - no treatment, EMATE 20fiM 
and EMATE 5fj.M. 



5 The stage 1 and 2 results were: 



Stage 1 



EMATE 20 fiM = 1 19% control 
EMATE 5nM = 139% control 
EMATE 20 = 103% control 
EMATE 5fiM = 98% control 



Stage 2 



10 



These data show the importance of the hydrocarbyl/oxyhydrocarbyl substituents on the 
compounds of the present invention to achieve inhibition and/or prevention and/or arrest of 
cell cycling. 

EXAMPLE 7 - Cell cycle and Apoptosis Analysis 

MCF7, CAL51, CAMA1 and ZR-75-1 breast cancer derived cell lines were obtained from 
ATCC (MCF7, CAMA1, ZR-75-1) or from the Dutrillaux laboratory (CAL51) (22) and 
maintained in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% 
(v/v) fetal calf serum and antibiotics. 

DNA content was determined by flow cytometric analysis of propidium iodide stained cells 
and TdT-mediated dUTP-nick end labelling (TUNEL), respectively, as described (20). The 
5 proportion of cells in G2/M phase of the cell cycle was calculated as a proportion of cells 
with 2N to 4N DNA content The proportion of cells with <G1 DNA content was 
calculated as a percentage of total cells* 

To determine the proportion of cells in mitosis, drug treated cells were collected by 
3 trypsinisation and cyiospins prepared. Cells were fixed in ice cold methanol for 5 minutes, 
air dried and DNA was stained using propidium iodide (PI) (0.1 mg/ml in phosphate 
buffered saline (PBS) containing 10% (v/v) newborn calf serum and 0.05% (w/v) sodium 
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azide). Cells were analysed by confocal microscopy using, a Zeiss Axiovert 100 M 
microscope equipped with the LSM 510 confocal system (Zeiss, Jena, Germany). 

We examined whether the differential sensitivity of breast cancer cell lines to the growth 
5 inhibitory effects of sulfamoylated estrones was related to differences in extent/phase of 
cell cycle arrest and/or cell death. These studies focused on 2-EtEMATE since we were 
readily able to synthesise relatively large amounts of this compound. We first examined 
the effects of 2-EtEMATE on the DNA content of MCF7, ZR-75-1, CAL51 and CAMA1 
cells using flow cytometry of propidium iodide (PI) stained cells (Fig. 13 and Table 2). 

10 Cells were treated with 2-EtEMATE at 500 nM since this was the lowest dose that gave 
significant growth inhibition in each cell line (Fig. 14). MCF7 cells accumulated in the 
G2/M phase of the cell cycle within 24 hours and cells were maximally arrested 
(approximately 60% of cells) after 48 hours. This arrest was maintained for the duration of 
the experiment although there was a modest increase in cells with <G1 DNA content 

15 indicative of cell death at 72 and 96 hours. Similar results were obtained in ZR-75-1 cells 
although G2/M arrest was delayed in these cells (60% cells in G2/M after 72 hours). By 
contrast, CAL51 and CAMA1 cells which were more sensitive than MCF7 or ZR-75-1 
cells in the microtitre plate assay (Fig. 14) underwent a more rapid G2/M arrest 
(approximately 60% of cells were in G2/M within 24 hours). In addition, 2-EtEMATE 

20 induced significant cell death within 48 hours and approximately half of the cells were 
dead after 96 hours (Table 2). 

Tabic 2. Effect of 2-EtEMATE on DNA content of breast cancer cell lines. Cell cycle 
parameters of MCF7, ZR-75-1 , CAL5 1 and C AMA 1 cells exposed to 2-EtEMATE (500 
25 nM) for up to 96 hours. The proportion of cells in Gl/S or G2/M are shown as a 

percentage of total cells with a 2N to 4N DNA content. The proportion of cells with a sub- 
G I DNA content is shown as percent of total cells. Untreated cells are at 96 hours. 



1 Cell Line 


MCF7 


1 




ZR-75-1 








<C1 


Gl/S 


G2/M 




<G! 


Gl/S 


G2/M 


Untreated 


2 


77 


23 




I 


79 


20 


24 hours 


5 


63 


37 




1 


84 


15 


48 hours 


5 


38 


62 




6 


60 


40 


72 hours 


12 


34 | 66 




12 


37 


63 


96 hours 


8 1 29 | 71 




9 1 20 


80 




1 1 




1 
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Cell Line 










CAMA1 








<G1 


Gl/S 


G2/M 




<GI 


Gl/S 


G2/M 


Untreated 


1 


78 


*n 




4 


70 


30 


24 hours 


2 


38 


62 




4 


33 


67 


48 hours 


10 


IS 


82 




16 


25 


75 


72 hours 


21 


32 


68 




36 


33 


67 


96 hours 


44 


23 


77 




51 


33 


67 



Flow cytometric analysis demonstrated that cells treated with the sulfamoylated estrone 
derivatives were arrested in G2/M phases of the cell cycle. Cells treated with 2-EtEMATE 
or 2-MeOEMATE often had a characteristic "rounded-up" morphology (Ref. 20 and data 
5 not shown) suggesting that cells were in fact arrested in mitosis. To determine whether 
cells were in interphase or mitosis, we stained drug-treated MCF7 cells with PI to visualise 
chromosomes. In preliminary experiments, we found that the 'rounded up" cells did not 
fix to the collagen-treated glass slides that we used for fluorescence staining experiments 
and we therefore collected all of the cells by trypsinisation and prepared cytospins prior to 
10 staining. The vast majority of control MCF7 cells had a uniformly stained nucleus 
characteristic of interphase cells with uncondensed chromosomes (Fig. 15 and Table 3). 
By contrast, a significant proportion of cells treated with 2-EtEMATE or 2-MeOEMATE 
showed condensed chromosomes characteristic of mitosis. Therefore, the sulfamoylated 
estrone derivatives induce a mitotic arrest. Consistent with lack of effect in FACs assay. 
15 (Fig. 13), the non-sulfamoylated estrone derivatives did not increase the number of mitotic 
cells. Since it was necessary to use cytospins in these experiments, it was difficult to 
determine the architecture of the chromosomes in cells treated with sulfamoylated estrone 
derivatives. However, the chromosomes appeared to be fully condensed suggesting that 
cells had reached pro-metaphase/metaphase. 



20 



25 



Table 3. Effect of estrone derivatives on mitosis in MCF7 cells. MCF7 cells were treated 
with the indicated compounds for 24 hours. Cells were recovered by trypsinisation and 
cytospins prepared. DNA was stained with PI and cells in mitosis (i.e., with condensed 
chromosomes) determined as a percentage of total cells. 



Drug 

Control 

2-EtEMATE 5 nM 



mitotic cells 

4% 
49% 
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2-EtEMATE, 500 nM 29% 

2-MeOEMATE. 5 mM 38% 

2-MeOEMATE, 500 nM 26% 

2-EtEl,5>iM 6% 

.5 2-EtEl,500nM 4% 



We used the TUNEL assay to confirm that the cell death detected by flow cytometry of PI 
stained cells was due to apoptosis. Following exposure to 2-EtEMATE (500 nM for 72 
hours) there was a significant increase in the proportion of CAL51 and CAMA1 cells 
10 undergoing apoptosis (60% and 37% TUNEL positive cells, respectively) (Fig. 16). By 
contrast, there was only a modest increase in TUNEL positivity in MCF7 or ZR-75-1 cells 
(7% and 10%. respectively) treated with 2-EtEMATE at this concentration. 

Taken together, these analyses demonstrate that the variations in the sensitivity of breast 
15 cancer cell lines to short term growth inhibition by sulfamoylated estrones are reflected in 
differences in effects on cell cycle and apoptosis. Although 2-EtEMATE induced a G2/M 
arrest in all cell lines, this was more rapid in relatively sensitive ER negative CAL51 and 
CAMA1 cells than in ER positive MCF7 and ZR-75-1 cells. Furthermore, 2-EtEMATE 
was a more potent inducer of apoptosis in CAL51 and CAMA1 cells than MCF7 and ZR- 
20 75-1 cells. . 

DISCUSSION 

Our results add further weight to the evidence showing that 2-methoxyoestrogens, or their 
25 synthetic analogues (23, 24), represent a new class of drugs for cancer therapy. The present 

compounds, such as 2-MeOEMATE, as previously found for 2-MeOE2, had a marked 

effect on the morphology and growth of MCF-7 and MDA-MD-23 1 breast cancer cells. 

Fibroblasts derived from breast tumours also showed a similar rounding in response to 2-. 

MeOEMATE although a higher concentration was required to induce morphological 
30 changes in these cells. 

The marked effect that 2-MeOEMATE has on the growth of ER+ and ER- breast cancer 
cells confirms that the present compounds such as 2-methoxyoestrogen sulphamates should 
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be active against both hormone-dependent and independent breast tumours. At 1 2- 
MeOEl had little effect on the proliferation of MCF-7 cells while 2-MeOEMATE, at this 
concentration, inhibited proliferation by 52%. The reason for the increased potencv 
conferred by the addition of a sulphamate group to 2-MeOEl in the in vitro assays is not 

5 readily apparent. From in vivo studies with oestrogen sulphamates, it is known that these 
compounds are released slowly from rbcs to give a protracted increase in steroid blood 
concentration (17). Other in vivo studies have indicated that EMATE is capable of 
inactivating steroid sulphatase for a prolonged period of time after a single dose or multiple 
doses (25). Thus, it is likely that EMATE is binding to a cellular protein from which it is 

0 slowly released. This may account for the enhanced potency of the sulphamate in vitro 
compared with that of 2-MeOEl in being able to reduce cell proliferation. 

From the DNA analysis it is apparent that the present compounds, e.g. 2-MeOEMATE, 
like 2-MeOE2 and taxol, induce an arrest of cell cycling, in particular an arrest of cells in 
5 the G 2 /M phase of the cell cycle (9, 26, 27}:" For 2-MeOE2, however, a washout 
experiment, in which cells continued to be cultured in drug-free medium after an initial 
period of exposure to the drug, revealed that a significant proportion of cells re-entered the 
Gj/S phase of the cell cycle by 24h after removal of the drug (13). In contrast, for the 
compounds of the present invention (2-MeOEMATE) cells remained arrested in the G2/M 
phase for at least 24h after removal of the drug,/. This finding provides further evidence that 
the present compounds may be binding to a cell rjj^tein. 

2-MeOEMATE, while possessing novel anti-proliferative. effects, remains a potent steroid 
sulphatase inhibitor (18). 

Similar experiments in which MCF-7 cells were exposed to EMATE and then extensively 
washed to remove drug revealed that steroid sulphatase remained almost completely 
inactivated (28). . - : v : < 

The ability of 2-MeOE2 to inhibit the growth of MCF-7 cells and to induce cells to become 
rounded and detached has previously been shown to result from its ability to induce 
apoptosis in these cells (8, 9). In the present investigation a significant increase in cells in 
the sub-Gi fraction was detected after exposure to a present compound, namely 2- 
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MeOEMATE. Cells in this fraction are thought to represent cells that have undergone 
apoptosis. TUNEL analysis confirmed that 2-MeOEMATE did induce a proportion of 
cells to undergo apoptosis. Like 2-MeOE2 and other drugs, such as taxoL that, alter 
microtubule stability, the present compounds (2-MeOEMATE) probably induces apoptosis 
5 by increasing the phosphorylation of the oncoprotein Bcl-2 (27-29). Bcl-2 belongs to a 
family of proteins that are anti-apoptotic and their ability to inhibit apoptosis from their 
dimerisation with, and inactivation of proapototic proteins such as Bax (30, 31). 
Phosphorylation of Bcl-2 blocks its ability to diinerise with Bax thus allowing the 
induction of apoptosis. It has been clearly demonstrated that phosphorylation of Bcl-2 
1 0 occurs during the arrest of cells in the Gj/M phase of the cell cycle (30). In a preliminary 
study 2-MeOE2 was found to induce phosphorylation of Bcl-2 in leukaemia cells (29). 
This indicates that 2-methoxyoestrogens have a similar mechanism of action to that of 
taxol and other drugs that cause microtubule damage. 

15 The marked effect that a present compound, especially 2-MeOEMATE. had on cell 
proliferation in vitro led to a preliminary in vivo study. In vivo an NMU-induced mammary 
tumour in one of the animals receiving 2-MeOEl showed a modest (25%) regression. In 
contrast, 2/3 tumours in animals receiving 2-MeOEMATE regressed almost completely by 
the end of the ] 1-day study. The enhanced efficacy of 2-MeOEMATE compared with that 

20 of 2-MeOEl lends support to the findings from the in virro studies that the sulphamoylated 
estrogen is more potent than its parent compound. 

Other in vivo tumour studies with the present compounds( r 2-methoxyoestrogens) have also 
produced encouraging results although at much higher than the doses employed in the 

25 present study. 2-MeOE2 (lOOmg/kg, p.o.) when administered every other day to CH3 mice 
significantly reduced the growth of subcutaneously inoculated Meth A sarcoma and B16 
melanoma tumours by 57% and 83% respectively (10). As in our study, this response was 
achieved in a relatively short, 12 day. period of time. In addition to inhibiting the growth 
of ihese tumours, tumour neovascularisation was markedly reduced. This suggests that an 

30 important action of 2-methoxyoestrogens in inhibiting tumour growth. Oral administration 
of 2-MeOE2 (75mg/kg/day for 29 days), also suppressed the growth of tumours resulting 
from inoculation of the ER- MDA-MB-435 breast cancer cells in SCID mice (11). Tumour 
volumes were reduced by 60% compared with those of untreated controls. No toxic side 
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effects were detected at this relatively high dosage of the drug. In addition to these animal 
studies, 2-MeOE2 is currently undergoing a. Phase I/II trial although details of the outcome 
Of this trial are not yet available (42, 43). 

5 In the present in vivo studies, 2-MeOEMATE was employed although in vitro investigation 
has found that 2-MeOE2 is more potent than 2-MeOEl (10). However, from experiments 
with estradiol sulphamate it is known that the 17-hydroxyl function is oxidised during 
gastric transit yet the reduced form of the steroid is released from rbcs (17). Therefore, 
there would appear to be no advantage to be gained from the oral administration of the 

0 reduced form of 2-MeOEMATE. 

As most cancers eventually become resistant to either hormone or chemotherapy the 
development of drugs that act on different cellular targets offers considerable hope for the 
development of new cancer therapies. The therapeutic use of taxol has been an important 
5 advance but problems with its solubility and toxicity have limited its prolonged use. The 
identification of 2-MeOEMATE as a form of 2-methoxyoestrogen with enhanced efficacy, 
bioavailability and duration of action suggests that this drug should have considerable 
potential for cancer therapy. 

0 Thus, in summary, the present invention provides a composition and compound suitable for 
use in the treatment of cancers and, especially, breast cancer. 

In particular, in one aspect the present invention addresses the problem of blocking the 
growth of cancers including leukaemias and solid tumours such as breast, endometrium, 
prostate, ovary and pancreatic tumours. 

It is also believed that the present invention has implications in treating hormonal 
conditions in addition to those associated with oestrogen. Hence, the present invention 
also provides a composition that is capable of affecting hormonal activity and is capable of 
affecting an immune response, wherein the composition is the composition of the present 
invention. 

It is also to be understood that the compound/composition of the present invention may 
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have other important medical implications. 

For example, the composition of the present invention may be useful in the treatment of the 
disorders listed in WO-A-98/05635. For ease of reference, part of that list is now 
.5 provided: cancer, inflammation or inflammatory disease, dermatological disorders, fever, 
cardiovascular effects, haemorrhage, coagulation and acute phase response, cachexia, 
anorexia, acute infection, HIV infection, shock states, graft-versus-host reactions, 
autoimmune disease, reperfusion injury, meningitis, migraine and aspirin-dependent anti- 
thrombosis; tumour growth, invasion and spread, angiogenesis, metastases, malignant, 

10 ascites and malignant pleural effusion; cerebral ischaemia, ischaemic heart disease, 
osteoarthritis, rheumatoid arthritis, osteoporosis, asthma, multiple sclerosis, 
neurodegeneration. Alzheimer's disease, atherosclerosis, stroke, vasculitis, Crohn's disease 
and ulcerative colitis; periodontitis, gingivitis; psoriasis, atopic dermatitis, chronic ulcers, 
epidermolysis bullosa; corneal ulceration, retinopathy and surgical wound healing; rhinitis, 

15 allergic conjunctivitis, eczema, anaphylaxis; restenosis, congestive heart failure, 
endometriosis, atherosclerosis or endosclerosis. 

In addition, or in the alternative, the composition of the present invention may be useful in 
the treatment of disorders listed in WO-A-98/07859. For ease of reference, part of that list 

20 is now provided: cytokine and cell proliferation/differentiation activity; 
immunosuppressant or immunostimulant activity (e.g. for treating immune deficiency, 
including infection with human immune deficiency virus; regulation of lymphocyte 
growth; treating cancer and many autoimmune diseases, and to prevent transplant rejection 
or induce tumour immunity); regulation of haematopoiesis, e.g. treatment of myeloid or 

25 lymphoid diseases; promoting growth of bone, cartilage, tendon, ligament and nerve tissue, 
e.g. for healing wounds, treatment of burns, ulcers and periodontal disease and 
neurodegeneration; inhibition or activation of follicle-stimulating hormone (modulation of 
fertility); chemotactic/chemokinetic activity (e.g. for mobilising specific cell types to sites 
of injur}' or infection): haemostatic and thrombolytic activity (e.g. for treating haemophilia 

30 and stroke); antiinflammatory activity (for treating e.g. septic shock or Crohn's disease); as 
antimicrobials; modulators of e.g. metabolism or behaviour; as analgesics; treating specific 
deficiency disorders: in treatment of e.g. psoriasis, in human or veterinary medicine. 
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In addition, or in the alternative, the composition of the present invention may be useful in 
the treatment of disorders listed in WO-A-98/09985. For ease of reference, part of that list 
is now provided: macrophage inhibitory and/or T cell inhibitory activity and thus, anti- 
inflammatory activity; anti-immune activity, i.e. inhibitory effects against a cellular and/or 
humoral immune response, including a response not associated with inflammation: inhibit 
the ability of macrophages and T cells to adhere to extracellular matrix components and 
fibroneciin, as well as up-regulated fas receptor expression in T cells; inhibit unwanted 
immune reaction and inflammation including arthritis, including rheumatoid arthritis, 
inflammation associated with hypersensitivity, allergic reactions, asthma, systemic lupus 
erythematosus, collagen diseases and other autoimmune diseases, inflammation associated 
with atherosclerosis, arteriosclerosis, atherosclerotic heart disease, reperfiision injury, 
cardiac arrest, myocardial infarction, vascular inflammatory disorders, respiratory distress 
syndrome or other cardiopulmonary diseases, inflammation associated with peptic ulcer, 
ulcerative colitis and other diseases of the gastrointestinal tract, hepatic fibrosis, liver 
cirrhosis or other hepatic diseases, thyroiditis or other glandular diseases, 
glomerulonephritis or other renal and urologic diseases, otitis or other oto-rhino- 
laryngological diseases, dermatitis or other dermal diseases, periodontal diseases or other 
dental diseases, orchitis or epididimo-orchitis, infertility, orchidal trauma or other immune- 
related testicular diseases, placental dysfunction, placental insufficiency, habitual abortion, 
eclampsia, pre-eclampsia and other immune and/or inflammatory-related gynaecological 
diseases, posterior uveitis, intermediate uveitis, anterior uveitis, conjunctivitis, 
chorioretinitis, uveoretinitis, optic neuritis, intraocular inflammation, e.g. retinitis or 
cystoid macular oedema, sympathetic ophthalmia, scleritis, retinitis pigmentosa, immune 
and inflammatory components of degenerative fondus disease, inflammatory components 
of ocular trauma, ocular inflammation caused by infection, proliferative vitreo- 
retinopathies^ acute ischaemic optic neuropathy, excessive scarring, e.g. following 
glaucoma filtration operation, immune and/or inflammation reaction against ocular 
implants and other immune and inflammatory-related ophthalmic diseases, inflammation . 
associated with autoimmune diseases or conditions or disorders where, both in the central 
nervous system (CNS) or in any other organ, immune and/or inflammation suppression 
would be beneficial. Parkinson's disease, complication and/or side effects from treatment 
of Parkinson's disease, AIDS-related dementia complex HIV-related encephalopathy, 
Devic's disease, Sydenham chorea. Alzheimer's disease and other degenerative diseases. 
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conditions or disorders of the CNS, inflammatory components of stokes; post-polio 
syndrome, immune arid . inflammatory components of psychiatric disorders* myelitis, 
encephalitis, subacute sclerosing pan-encephalitis v encephalomyelitis, acute neuropathy, 
subacute neuropathy, chronic neuropathy, Guillaim-Barre syndrome, Sydenham chora, 
5 myasthenia gravis, pseudo-tumour cerebri, Down's Syndrome, Huntington's disease, 
amyotrophic lateral sclerosis, . inflammatory components of. CNS compression or CNS 
trauma or infections of the CNS, inflammatory components of muscular atrophies and 
dystrophies, and immune and inflammatory related diseases, conditions or disorders of the 
central and peripheral nervous systems, post-traumatic inflammation, septic shock, 

10 infectious diseases, inflammatory complications or side effects of surgery, bone marrow 
transplantation or other transplantation complications and/or side effects, inflammatory 
and/or immune complications and side effects of gene therapy, e.g. due to infection with a 
viral carrier, or inflammation associated with AIDS, to suppress or inhibit a humoral and/or 
cellular immune response, to treat or ameliorate monocyte or leukocyte proliferative 

15 diseases, e.g. leukaemia, by reducing the amount of monocytes or lymphocytes, for the 
prevention and/or treatment of graft rejection in cases of transplantation of natural or 
artificial cells, tissue and organs such as cornea, bone marrow, organs, lenses, pacemakers, 
natural or artificial skin tissue. 

20 PROTOCOL I 

IRREVERSIBLE INHIBITION 

Procedure 
Stage 1 

25 

MCF-7 breast cancer cells were seeded into multi-well culture plates at a density of 10 5 
cells/well. Cells were allowed to artach and grown until about 30% confluent when they 
were treated as follows: 

30 Control - no treatment 

Compound of Interest (COI) 20^iM 

Cells were grown for 6 days in growth medium containing the COI with changes of 
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Coulter cell counter. 
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At the end of this period cell numbers were counted using a 



Stage 2 

"5 

After treatment of cells for a 6-day period with the COI cells were re-seeded at a density of 
10 4 cells/well. No further treatments were added. Cells were allowed to continue to grow 
for a further 6 days in the presence of growth medium. At the end of this period cell 
numbers were again counted. 



All publications and patents mentioned in the above specification are herein incorporated 
by reference. 

Various modifications and variations of the present invention will be apparent to those 
skilled in the art without departing from the scope and spirit of the invention. Although the 
invention has been described in connection with specific preferred embodiments, it should 
be understood that the invention as claimed should not be unduly limited to such specific 
embodiments. Indeed, various modifications of the described modes for carrying out the 
invention which are obvious to those skilled in chemistry, biology or related fields are 
intended to be within the scope of the following claims. 
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1 . Use of a cyclic compound or a pharmaceutically active salt thereof in the manufacture of 
a medicament to prevent and/or inhibit and/or arrest cell cycling, wherein the cyclic 

5 compound comprises at least one ring, 

wherein Group I and Group II, independently of each other, are attached to a ring of the cyclic 
compound; 

wherein Group I is a hydrocarbyl or an oxyhydrocarbyl group; and 
wherein Group II is a group of the formula 

Y 
II 

>0 Z 

XisPorS; 

when X is P, Y is =0 or S, Z is -OH and R is hydrocarbyl or H; 

when X is S, Y is =0, Z is =0, and R is hydrocarbyl or N(R])(R 2 ), wherein each of R| and 
R? is independently selected from H or a hydrocarbyl group. 

15 

2. Use of a compound according to claim 1 in the manufacture of a medicament to 
irreversibly prevent and/or inhibit and/or arrest cell cycling. 

3. Use according -to claim 1 or 2 wherein cell cycling is prevented and/or inhibited and/or 
20 arrested iii the G?/M phase. " 

4. Use according to any one of the preceding claims wherein the cyclic compound is a 
polycyclic compound. 

25 5. Use according to claim 4 wherein Group I and Group II are each attached to the same 
ring of the polycyclic compound. 

6. Use according to claim 4 or 5 the polycyclic compound has a steroidal structure. 
30 7. Use according to any one of the preceding claims wherein Group 1 and Group II are 
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each attached to the same ring at positions ortho with respect to each other. 

8. Use according to claim 6 or 7 wherein Group I is attached to the 2 position of the A ring 
of the steroidal nucleus. 

9. Use according to claim 6, 7 or 8 wherein Group II is attached to the 3 position of the A 
ring of the steroidal nucleus. 

10. Use according to any one of the preceding claims wherein Group I is an 
oxyhydrocarbyl group, preferably a group of the formula Ci^O. 

1 1 . Use according to claim 10 wherein the group C^O is a methoxy group. 

12. Use according to claim 11 wherein the compound is 2-methoxyoestrone-3~<9- 
sulphamate. 

13. Use according to any one of claims 1 to 9 wherein Group I is a hydrocarbyl group, 
preferably a group of the formula C^. 

14. Use according to claim 13 wherein the group C\^> is an ethyl group 

1 5. Use according to claim 11 or 1 4 wherein the methoxy group or ethyl group is attached to 
the 2 position of the A ring of a steroidal nucleus. 

1 6. Use according to any one of the preceding claims wherein X is S and R is N(Ri)(R 2 ). 

17. Use according to claim 36 wherein the compound is 2-methoxyoestrone-3-0- 
sulphamate or 2-ethyIoestrone-3-0-sulphamate 

1 8. Use according to any one of claims 1 to 1 5 wherein X is P; and Y is =0. 

1 9. Use according to any one of claims 1 to 1 5 wherein X is S; and R is hydrocarbyl. 
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20. A sulphonate or a phosphonate compound comprising a steroidal ring and a sulphonate 
or a phosphonate group of the formula: 



O 




z 



wherein 
5 XisPorS; 

when X is P, Z is -OH, and R is hydrocarbyl or H; 
when X is S, Z is =0; and R is hydrocarbyl; and 

wherein the sulphonate or phosphonate group is attached to the 3 position of the A ring of the 
steroidal nucleus; and at least one hydrocarbon group, preferably Ci^ alkyl, is attached to the 
10 2 position of the A ring of a steroidal nucleus. 

21. Use of a composition in the manufacture of a medicament to prevent and/or inhibit 
and/or arrest cell cycling, wherein the composition comprises 

(i) a compound as defined in any one of claims 1 to 1 7; and 
1 5 (ii) a pharmaceutical^ acceptable carrier, diluent, or excipient; and/or 
(iii) a biological response modifier. 

22. Use according to claim 21 wherein the biological response modifier is a cytokine. 

20 23. Use according to claim 22 wherein the cytokine is tumour necrosis factor (TNF). 

24. Use of a cyclic compound or a pharmaceutically active salt thereof in the manufacture 
of a medicament to prevent and/or inhibit and/or arrest cell cycling, wherein the cyclic 
compound comprises at least one ring, wherein Group I and Group II, independently of each 
25 other, are attached to a ring of the cyclic compound; 

wherein Group I is a hydrocarbyl or an oxyhydrocarbyl group; and 
wherein Group II is a group of the formula 
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O 



II 




wherein each of Rj and R 2 is independently selected from H or a hydrocarbyl group. 

25. A method of treatment comprising administering to a subject in need of treatment a 
compound or a composition as defined in any one of the preceding claims in order to 
prevent and/or inhibit and/or arrest cell cycling. 
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